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ISPO  - INTERNATIONAL  KEY  TO  THE  FUTURE 
IN  AIDING  THE  HANDICAPPED 


Anthony  Staros* 

Director 

Veterans  Administration  Prosthetics  Center 
Veterans  Administration 
252  Seventh  Avenue 
New  York,  New  York  10001 


...  .an  editorial 


Here  in  New  York  in  this  Spring  of  1977  the  International 
Society  for  Prosthetics  and  Orthotics  (ISPO)  reached  a new  height 
in  its  professional  stature.  I was  fortunate  to  be  identified  with  this 
significant  happening  which  took  place  in  the  last  few  days  of  May 
and  the  first  few  of  June. 

The  Second  Congress  of  the  International  Society  (the  first 
having  been  in  Montreux,  Switzerland,  1974)  was  supported  by 
hundreds  of  contributors  from  all  over  the  world.  Unusual  in  its 
size  was  the  response  when  last  year  our  Scientific  Program  Chair- 
man, Sidney  Fishman,  Ph.  D.,  Director  of  New  York  University 
School  of  Prosthetics  and  Orthotics,  invited  submissions  of  papers. 
The  result  revealed  an  almost  overwhelming  interest  in  participa- 
tion; the  Committee  which  organized  the  Congress,  and  on  which  I 
served  as  President,  was  extremely  encouraged  after  some  earlier 
dim  days  when  we  had  worried  about  how  popular  our  event  would 
be. 

We  built  our  program  around  a core  of  invited  speakers,  asking 
them  to  treat  the  current  state  of  the  art  and  perhaps  some  recent 
history  of  technical  change  in  prosthetics  and  orthotics.  Professor 
Charles  W.  Radcliffe,  well  known  for  his  studies  in  prosthetics  at 
the  Biomechanics  Laboratory  at  UC-Berkeley,  presented  the  First 
Knud  Jansen  Lecture  on  Above-Knee  Prosthetics.  The  submitted 
papers,  which  came  from  all  over  the  world,  were  extraordinary  in 
providing  directions  for  the  future,  for  delineating  the  status  of 
prosthetics  in  selected  geographical  areas,  and  for  discussions  of 
problems  and  solutions  associated  with  different  types  of  patients. 

^Member,  Editorial  Board,  Bulletin  of  Prosthetics  Research. 
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But  iliis  was  not  cnuu,<;h  i'or  the  Ci)ii,mcss  Comiiiittcc.  From  the 
very  outset  in  our  planning,  we  had  felt  that  ct)urses  of  instruetion 
in  specific  areas  of  prosthetics  and  orthotics  technologies  would  be 
needed  to  fully  benefit  the  registrants;  through  these,  explicit  cover- 
age of  certain  topics  could  be  offered  so  that  a itarticipaiu  could 
carry  away  with  him  or  her  something  to  be  used  now  to  benefit 
patients.  With  help  particularly  from  A.  Bennett  Wilson  of  the 
Congress  Committee  as  well  as  Dr.  Fishman,  we  were  able  to 
organize  an  instructional  course  program  the  likes  of  which  had 
never  appeared  before  in  any  single  event  attended  by  professionals 
in  prostlietics  and  orthotics.  These  instructional  courses  were 
extremely  pt)pular;  the  interest  of  Congress  registrants  was  main- 
tained during  that  whole  week,  and  their  comments  were  over- 
whelmingly positive  (and  some  were  ecstatic)  abt>ut  the  Congress 
and  particularly  about  the  value  of  the  courses. 

But  even  this  was  not  enough.  We  also  offered  symposia  on 
various  topics  of  special  interest.  In  one  we  listened  to  the  con- 
sumer, the  user  of  prosthetic  and  orthotic  serxices.  'There  also  was 
one  in  the  very  special  area  of  orthopedic  shoes,  a subject  usually 
bypassed  by  meetings  devoted  to  prosthetics  and  orthotics. 

But  we  wanted  to  offer  even  more  by  collecting  an  array  of  very 
good  scientific  and  commercial  exhibits.  Both  types  were  well 
received. 

.\nd  still  this  was  not  all.  Our  video  and  film  programs  created  a 
great  deal  of  interest.  'These  made  additional  instructional  material 
available  for  the  benefit  of  individual  participants.  Indeed,  we  were 
even  able  to  give  some  private  showings  of  special  subjects,  covered 
in  our  video  library,  that  were  of  special  interest  to  individuals. 

But  even  all  these  educational  efl\)rts  did  not  constitute  our 
whole  Congress  package,  for  we  were  also  able  to  organize  a very 
excellent  social  program,  which  many  people  will  long  remember. 

There  were  many  aspects  to  this  Congress,  all  of  which  needed 
coordination  and  management;  we  learned  here  abt)ut  the  advantages 
of  professfonal  management  of  such  activities.  We  enjoyed  the  labors 
of  such  professionals,  who  eased  our  burden  and  made  our  Congress 
as  successful  4s  it  was. 

Over  1,000  registrants  from  about  40  countries  participated;  we 
were  particularly  pleased  to  see  our  colleagues  from  Fiastern  Fiurope 
and  the  Soviet  Union  in  attendance. 

We  also  took  this  Congress  a bit  beyond  prosthetics  and  orthotics, 
as  the  terms  are  often  understood,  into  related  areas  (rf  technical 
aids,  mobility  systems,  and  vehicles  for  the  handicapped.  In  this 
process  we  were  able  to  provide  forums  for  these  technical  areas 
which  arc  so  closely  related  to  tfie  scope  of  ISPO.  'The  Congress 
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Constituted  un  arena  for  ISPO  to  relate  its  interest  to  the  correlated 
interests  of  the  International  Commission  on  Technical  Aids  of 
Rehabilitation  International.  We  were  able,  through  these  contacts, 
to  recognize  that  we  are  not  infringing  on  technical  territories,  hut 
working  together  to  facilitate  the  life  of  the  handica|)ped. 

These,  and  the  other  business  meetings  which  took  place  within 
and  around  the  Congress,  signaled  that  ISPO  is  now  able  to  mose 
forward  assuming  its  natural  role  as  the  key  international  socieis 
in  the  field  of  aids  for  the  handicapped,  especialK  prosthetics  and 
orthotics. 

We  who  organized  this  Congress  feel  strongly  that  the  lesson 
learned  here  in  New  ^'ork,  about  the  advantages  of  instructional 
courses  in  such  a convention  of  professionals,  is  of  great  practical 
value  to  those  who  plan  nalioital  and  international  meetings  ot 
similar  kinds.  The  positive  reactions  we  received  were  overwhelming 
on  this  jtoint. 

We  now  note  with  satisfaction  that  the  1980  Congress  will  be 
held  in  Jlolland.  Our  new  president  is  the  distinguished  Dr.  Ceorge 
.Murdoch  of  Scotland  who  succeeds  Dr.  Knud  Jansen.  To  our 
Dutch  colleagues  we  not  only  express  well  wishes  in  their  |)lanning. 
but  we  offer  all  the  help  we  can  in  their  efforts  to  organize  a 
successful  meeting. 


I 


A MULTIFUNCTIONAL  PROSTHESIS  CONTROL  SYSTEM 
BASED  ON  TIME  SERIES  IDENTIFICATION  OF  EMG  SIGNALS 
USING  MICROPROCESSORS^*' 

Daniel  Graupc,  Pli.  1). 

Professor  oi  Electrical  Engineering 

Alosius  A.  M.  Beex  William  J.  Monlux  Ian  Magnussen 

Department  of  Electrical  Engineering 
Colorado  State  University 
Fort  Collins,  Colorado  80523 

ABSTRACT 

This  paper  describes  a real-time  system  for  separation  among 
several  limb  functions,  in  order  to  provide  multifunctional  control 
of  an  upper-limb  prosthesis  for  above -elbow  amputees.  The  system 
employs  microprocessor  hardware  and  is  based  on  identification  of 
voluntary  myoelectric  signals  resulting  from  isometric  contractions 
of  the  musculature  of  the  residual  limb,  and  on  subsequent  discrimi- 
nation of  these  signals  for  control  of  the  several  degrees  of  motion 
of  the  prosthesis.  The  system  requires  only  one  to  two  electrode 
sites.  (Contrary  to  the  usual  placement  of  electrode  pairs  directly 
over  specific  muscle  bellies,  to  eliminate  crosstalk,  we  prefer  to 
place  our  electrode  pair  between  muscles  so  as  to  acquire  the  dif- 
ferent weakly-correlated  signals  associated  with  each  of  several  dif- 
ferent voluntary  functions.)  The  system  satisfies  the  various  prac- 
tical constraints  of  weight,  volume,  and  speed,  as  arise  in  practical 
prostheses.  Preliminary  amputee  tests  on  the  system  have  resulted 
in  an  85  percent  success  rate  using  8-bit  double-precision  micro- 
computer hardware. 

INTRODUCTION 

The  problem  of  multifunctional  control  of  upper-limb  prostheses 
using  myoelectric  (EMG)  signals  is  of  major  importance  in  cases  of 
short  above -elbow  amputees.  To  solve  this  problem  it  is  essential  to 
be  able  to  distinguish  accurately  each  of  the  different  signals,  used 

“This  article  is  based  on  a paper  presented  at  the  International  Conference  on  C\  bernetics 
and  Society,  Nov.  4,  1976,  held  in  Washington,  D.C.,  sponsored  by  IKKK  Croup  t>n 
Systems,  Man  and  Cybernetics. 

'’Based  on  work  performed  under  \'A  Contract  ,\o.  VI  0I(  1 34)P  :)38 
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to  control  the  respective  artificial  limb  I'unctions,  i'rom  the  pattern 
of  the  myoelectric  signal  at  some  or  several  locations  on  the  residual 
limb.  'I'lierelore,  dilferences  in  the  pattern  oi  myoelectric  signals 
related  to  various  limb  (unctions  (i.e.,  elbow  tlexion,  elbow  exten- 
sion, wrist  pronation,  wrist  su[)ination,  prehension,  etc.),  as  taken 
from  one  or  several  residual  limb  muscles,  must  be  detected.  Al- 
though such  dillerences  do  exist,  they  are  hardly  obvious  to  the 
naked  eye  ol’  even  an  expert. 

I'wo  major  approaches  to  solving  this  problem  have  been 
suggested. 

One,  based  on  the  works  ol  Lawrence  ( 1 ) and  of  Lyman  et  al.  (2), 
re(|uires  majtping  of  many  (10  or  more)  electrode  locations,  at 
each  of  which  the  myoelectric  signal  is  strongly  correlated  with  a 
single  prosthesis  function.  This  method  em[)loys  the  low  frequency 
characteristics  of  the  myoelectric  signals  and  of  their  distribution 
over  the  various  electrode  locations. 

rile  other  approach,  developed  by  Graupe  el  al.  (3, 4),  requires  a 
far  smaller  number  of  electrode  locations  (one  to  three)  because  it 
permits  identification  and  discrimination  even  where  correlations 
between  the  measured  signal  and  the  prosthesis  control  functions 
are  very  weak.  This  method  is  concerned  with  the  complete  spec- 
trum since  it  considers  the  complete  linear  information  content  of 
the  myoelectric  signal  (i.e.,  at  all  frequencies).  It  takes  advantage 
of  the  “cross-talk”  between  signals  due  to  different  limb  functions, 
rather  than  (as  is  usually  the  case)  trying  to  filter  out  that  cross- 
talk. It  is  thus  more  efficient  in  terms  of  utilizing  the  information 
content  of  the  myoelectric  signal  and  therefore  fewer  electrode 
locations  are  necessary,  though  at  a price  of  requiring  finer  detec- 
tion. We  note  that  the  above  correlation  with  more  than  one 
prosthesis  control  function  is  due  to  the  spatial  integration  effect 
of  muscle  fiber  and  skin  tissue,  which  affects  the  signal  as  measured 
by  surface  electrodes  (5)  with  placement  of  the  electrode  site  be- 
tween muscles. 

The  present  paper  will  concentrate  on  the  latter  approach  and 
describe  a fast  function  separation  and  recognition  algorithm,  and 
the  microcomputer  hardware  involved,  as  developed  by  the  authors 
at  Colorado  State  University.  The  speed,  (recognition  within  about 
0.2  s),  weight,  volume,  and  cost  constraints  for  practical  prosthesis 
application  are  noted. 

OUTLINE  OF  THE  FUNCTION-SEPARATION  ALGORITHM 

The  principles  of  the  present  function-separation  algorithm  are 
based  on  time  scries  model  identification  as  in  (3),  though  differ- 
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ini’  in  the  ciiscriniiiiatioa  approach  and  in  the  identil'ication  sub- 
routine used,  as  tollows; 

A.  Parameter  Identification 

Because  our  approach  attempts  to  extract  the  complete  linear 
inlormation  content  of  the  myoelectric  signal,  it  is  essential  that 
data  reduction  be  employed  to  the  greatest  degree  possible  in  order 
to  reduce  the  dimensionality  of  the  problem  without  losing  any 
inlormation.  This  is  achieved  by  first  employing  signal  identifica- 
tion. Nr)ting  that  the  recorded  myoelectric  signal  may  be  regarded 
as  a time  scries  that  is  essentially  stochastic,  our  algorithm  consists 
of  identifying  the  parameters  of  this  recorded  time  series  in  terms 
of  an  autoregressive  (AR)  model,  given  by  the  equation: 

n 

yk=.2  7iyk-i  + Wk  [1] 

t=  1 

where  yj^  denotes  the  recorded  signal,  7;  the  AR  parameters,  n is 
the  order  of  the  AR  model,  and  is  white  noise. 

The  use  of  an  AR  model  in  this  problem  is  justified  for  the 
following  reasons; 

1.  It  can  be  proved  that  stationary  time  scries  can  be  represent- 
ed by  an  AR  model  (6)  as  in  Equation  (IJ.  Although  the  myo- 
electric signal  is  not  fully  stationary,  it  has  been  shown  (3)  that  this 
signal  is  sufficiently  stationary,  per  each  prosthesis  control  function 
considered,  to  result  in  AR  parameters  whose  range  of  variation 
with  time  is  sufficiently  small  to  facilitate  discrimination  for  multi- 
function prosthesis  control. 

2.  It  can  be  shown  (6)  that  the  minimum  parameter  linear 
model  of  a stationary  time  scries  is  of  the  form  of  an  autoregressive 
moving  average  (ARMA)  model  given  by; 

m p 

.2:(/>iyk-i  =.2^  ‘Jk-j  ; </'o  = ^o=  1 [21 

1=0  J^O-" 

where  yk  . i , -j  itre  as  in  equation  ( 1 ) , and  0j  denote  the  AR 
and  the  moving-average  (MA)  parameters  of  the  model  respectively, 
and  m and  p are  the  order  of  the  AR  and  of  the  MA  parts  of  the 
model  respectively. 

Now,  via  polynomial  division  (6),  equation  [2]  can  be  reduced 
to  the  form  of  equation  [1] , though  it  is  not  of  minimum  order. 
As  may  be  seen  in  reference  (6,  section  12.6)  the  derivation  of  the 
minimum  order  ARMA  parameters  is  rather  lengthy  and  complex, 
especially  compared  with  derivation  of  the  AR  parameters  for  a low 
order  AR  model.  Since,  in  our  case,  computational  speed  is  of 
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utmost  importance  and  since  it  has  been  shown  (3)  that  lor  myo- 
electric signals  for  upper-limb  prosthesis  control,  n = 3 or  4 is 
adequate  tor  lunctional  discrimination  and  for  obtaining  that  is 
almost  completely  white  (uncorrelated),  we  have  gone  back  to  using 
aji  AR  rather  than  an  ARMA  model  in  our  analysis  and  design. 

3.  The  linear  model,  as  in  equation  (1 1 or  (2J , is  fully  optimal 
only  if  yq;  is  Gaussian,  and  is  otherwise  only  linear-optimal  i.e.,  the 
best  linear  model  lor  yq^.  Hence,  in  the  non-Gaussian  case,  a non- 
linear signal  model  would  be  retjuired  for  full  optimality.  However, 
without  prior  knowledge  of  the  parameters,  which  is  not  available 
in  our  problem,  no  identification  of  an  optimal  model  is  possible.  It 
should  be  noted  that  even  if  such  knowledge  were  possible,  it  would 
still  be  too  lengthy  and  too  complex  from  a computational  point  of 
view  to  satisfy  the  constraints  (Section  A)  imposed  for  practical 
prosthesis  application. 

Furthermore,  it  has  been  reported  (5)  that  myoelectric  signals 
can  be  considered  as  an  outcome  of  a sequence  of  impulses  with 
independent  Poisson  distributed  intervals  passed  through  a linear 
filter.  Now,  since  the  muscles  involved  (biceps  and/or  triceps)  are 
usually  actuated  by  a large  number  of  motor  units  (7),  say  several 
hundred,  the  average  Poisson  interval  between  impulses  is  small 
compared  with  the  donnnant  time  constant  of  the  linear  filter. 
Assuming  the  practical  average  interspike  interval  concerned  is  of 
the  order  of  t=100  ms,  and  assuming  that  N=200  motor  units  are 
involved  in  the  isometric  muscle  contraction,  the  respccti\e  Poisson 
rate  is  X=N7t=2000.  Such  a Poisson  rate  implies  (8)  that  the  myo- 
electric signal  thus  closely  fits  a Gaussian  process.  This  further  helps 
establish  the  validity  of  the  linear  AR  model  and  indicates  it  is  close 
to  an  optimal  one. 

For  the  above  reasons,  and  noting  the  speed,  weight,  and  volume 
constraints  imposed  by  upper-limb  prosthesis  application,  the  choice 
of  an  AR  model  is  thought  to  be  well-founded. 

The  algorithm  used  for  identifying  the  AR  model  above  is  a 
sequential  least  squares  algorithm  (Sections  5 and  12.6  of  reference 
6).  This  algorithm  can  be  proved  to  converge  to  the  true  parameters 
of  the  signal  (6,  9).  F^urthermore,  its  near-maximum-likelihood  pro- 
perties make  it  a near-efficient  algorithm  and  therefore  of  fastest 
possible  convergence  rate  (10);  that  is,  it  requires  the  least  number 
of  samples  for  convergence.  This  aspect  is  important  in  view  of  the 
constraint  imposed  on  computational  speed.  But  the  basic  least 
squares  algorithm  (6)  requires  a large  number  of  computations  per 
sample,  which  makes  inter-sample  computation  time  lengthy.  We 
therefore  presently  employ  an  accelerated  version  of  this  algorithm 
(11),  which  preserves  the  property  of  fast  convergence  in  terms  of 
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number  of  samples  but  requires  fewer  computations  per  sample, 
thus  reducing  the  overall  identification  time  and  the  amount  of 
hardware  needed. 

B.  Limb-Function  Discrimination 

The  identification  procedure  (Section  A)  is  employed  in  the 
prosthesis  control  system  by  being  run  several  times  (say  L times) 
per  each  limb  function,  for  calibration  purposes.  The  parameters 
obtained  during  these  identification  runs  are  atcraged  over  the 
above  runs  and  stored  as  sets 

{Til  •••Tin}  ; {T21---T2n} (7hl  • • • Thn) 

when  h different  limb  functions  are  considered,  each  having  n 
parameters.  Once  these  parameters  are  stored,  another  calibration 
run*^  is  made  where  the  EMG  signals  yq^,  ; (k  = 1 . . . .\,  denoting 
time  interval)  related  to  function  i (i=l  . . . h)  are  fed  to  an  algo- 
rithm (i.e.,  a filter)  that  computes: 

yki  = 7il  yk  - 1 +712  Yk  - 2 + • • -Tin  Yk  - n ;i=l,---h  [3] 

(Alternatively,  one  may  compute  yj^  from  the  .ARAIA  model  of 
equation  [2]  , to  obtain 

yk-yki  = eki  14] 

where  yj^^  = the  actual  myoelectric  signal  at  the  k-th  time  interval. 
Defining: 

A N+n 

2 e^i  ; i=l,...h  [5] 

N k=n 

and  averaging  over  L runs  now  yields  Ei  . . . Ey,  for  limb  functions 
1 to  h,  which  are  stored  in  the  memory  of  the  microcomputer. 

The  microcomputer  system  now  performs  the  limb  function 
discrimination  as  follows:  feed  the  measured  myoelectric  signal 
y^  in  parallel  to  filters  (ARMA  models)  1 ...  h to  compute  ej^i  to 
ej^jj  as  in  equations  [3]  and  [4]  . From  the  above,  compute  Fij 


^-Total  calibration  time  is  2-3  minutes.  Calibration  is  performed  by  a microcomputer 
system  based  on  the  same  microprocessor  hardware  used  throughout.  The  calibration 
mode  is  actuated  by  a single  “mode”  switch  to  be  turned  by  the  amputee. 
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i = 1 , . . . h,  and  compare 

Finally,  it : 


K;  = w’lh  Ej  above. 


Ej  < K;  ; where  p = weijihiing  coelt. 
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and 

.\1 

I 17] 

k=r 

lo  prevent  actuation  for  a low  Ej  due  to  a situation  where  no 
myoelectric  signal  is  measured,  then  limb  function  i ol  the  set  of 
limb  tunctions  1 ...  h is  actuated.  If  this  is  not  the  case,  the  jirosthe- 
sis  will  he  (or  remain)  in  a “hold”  mode. 

The  above  procedure,  equations  [6]  , (7j  and  the  use  of  p\  ^ 1 
serves  to  overcome  the  not  completely  stationary  nature  of  the 
myoelectric  signals  related  to  a specific  prosthesis  function. 

In  diagrammatic  form,  the  present  design  is  illustrated  in  Figure 
1.  For  increasing  speed,  hardware  multipliers  are  used  in  the  hard- 
ware realization  of  the  system  shown  in  Figure  1 , especially  in  the 
blocks  of  the  lower  half  of  the  diagram. 

Note  that  the  present  design  involves  only  simple  filtering,  name- 
ly multiplication  and  addition,  rather  than  identification,  during 
normal  prosthesis  use,  whereas  identification  is  solely  performed 
during  calibration:  since  identification  is  the  most  time-consuming 
part  of  the  system,  this  implies  a considerable  time  saving.  However, 
discrimination  may  be  somewhat  sensitive  in  certain  situations  via 
this  approach;  i.e.,  when  the  parameters  employed  are  somewhat 
biased  due  to  incomplete  convergence  or  to  inadequate  model  order. 
Therefore,  if  an  identification  bias  exists,  the  method  of  comparing 
parameters  in  a parameter  vector  space  may  be  advantageous  (3). 
(In  the  discrimination  approach  (3),  discrimination  must  be  exact  if 
Y = Y,  whereas  in  the  present  method  this  is  not  necessarily  so, 
since  the  minimal  error-variance  may  occur  for  the  wrong  prosthesis 
control  function  due  to  identification  bias.)  However,  since  in  the 
present  design  identification  is  performed  only  during  calibration 
and  not  during  normal  operations,  sufficient  computation  time 
should  be  available  to  obtain  convergence  so  that  any  biases  can  be 
eliminated. 

Furthermore,  if  access  to  calibration  computers  is  adequate,  the 
whole  calibration  (top  half  of  Figure  1)  can  be  done  by  a calibra- 
tion computer  in  a clinic  so  that  the  related  hardware  will  not  have 
to  be  incorporated  in  the  prosthesis  and  be  worn  by  the  patient. 
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during  normal  prosthesis  use.  In  an  allernate  arrangement  described,  the  whole  calibration  top  portion  of  this  figure 
could  be  performed  by  a calibration  computer  in  a clinic. 
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tlius  lurilicr  reducing  weight  and  cost.  Iliis,  however,  requires 
lacilities  lor  re -programing  the  AR  parameters  (tr)p  portion  ol 
Figure  1),  namely  | 7]  . . . 7,i  ) and  Rj  tor  i=l  ...  h in  the  memory 
ol  the  patient-worn  microprocessor  system  as  computed  hy  the 
calibration  computer  in  the  clinic. 

C.  Control  Aspects 

Our  present  design  (using  only  one  electrode  pair)  can  identity 
and  discriminate  live  lunctions  (j=l,2,3,4,5  above);  prehension  may 
be  controlled  by  toe-actuation  (4).  Furthermore,  toe  movement 
may  be  used  to  interrupt  prosthesis  movement  if  discrimination 
turns  out  to  be  wrong,  or  to  lacilitate  s|)eed  control.  Ibis  design 
thus  also  facilitates  speed  and  torciue  contrcjl. 

A design  lor  all  seven  of  these  functions  is  also  ready;  however, 
it  involves  two  parallel  microprocessor  systems,  the  hardware  for 
which  is  m)i  yet  complete.  (,\  single  very  fast  microprocessor, 
where  computation  of  the  tasks  of  the  two  parallel  systems  may 
be  done  in  series,  might  also  be  used.)  We  mne  that  the  present  five- 
function  system  emjtloys  onlv  a single  set  of  electrodes  in  contrast 
to  two  sets  for  the  seven-function  sv  stem. 

DESCRIPTION  OF  HARDWARE 

We  have  indicated  in  Section  C that  the  present  system  involves 
one  set  of  electrodes  for  discriminating  and  controlling  five  limb 
functions.  I he  system  feeds  to  a motor  control  and  actuation  unit 
identical  to  that  used  in  a toe-controlled  system  (4)  which  has  been 
tested  by  a bilateral  above-elbow  amputee  in  Los  Angeles,  Cal- 
ifornia. 

block  diagram  of  the  system  is  shown  in  Figure  2. 


■CMPMUSSO* 

stolid 


I'lGURE  2. -Block  diaKr^m  of  system. 
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A.  Data  Acquisition 

The  myoelectric  signal  is  picked-up  via  an  KMG  preamplifier 
unit  manufactured  by  Motion  Control  Inc.  (MCI),  Salt  Lake  City, 
Utah.  Disk  type  electrodes  are  mounted  directly  on  the  preamplifier 
module.  (As  noted  above,  the  electrode-preamplifier  assembly  is 
located  between  muscles;  e.g.,  on  the  medial  aspect  of  the  humerus 
between  biceps  and  triceps.)  The  preamplifier  weighs  only  8 grams 
and  does  not  require  the  use  of  conductive  jelly  or  electrode  paste 
which  is  often  used  and  which  can  be  a source  of  inconvenience  and 
unreliability. 

The  preamplified  myoelectric  signal  is  fed  to  a Datel  200C 
instrumentation  amplifier  for  further  amplification.  Undesirable 
frequencies  arc  filtered  out  by  a 4th  order  Butterworth  bandpass 
filter  (with  a passband  between  1.5  and  1500  Hz)  produced  by  Data 
Delay  Services.  A 12-bit  data  acquisition  system  (the  MP8208 
produced  by  the  Burr  Brown  Research  Corp.)  samples  the  KMG 
signal  at  a rate  of  5000  samples  per  second  and  delivers  the  digital 
data  to  the  microprocessor  computing  system.  (Sec  Figure  2 for 
details.) 


B.  Microprocessor  Computing  System 

The  microcomputer  system  is  based  on  an  Intel  8080  micro- 
processor which  is  an  8-bit  parallel  central  processing  unit  (13).  It 
is  fabricated  on  a single  LSI  (large  scale  integration)  chip  using  the 
latest  advances  in  N-channel  silicon  gates  and  is  furnished  in  a 40- 
pin  dual  in-line  ceramic  package,  having  a 2 ps  instruction  time  (for 
instructions  that  do  not  refer  to  memory).  The  microprocessor  is 
then  interfaced  with  its  input-output  ports  and  with  4K.-bytes  of 
semiconductor  memory.  Furthermore,  to  increase  speed,  and  since 
the  multiply  and  divide  instructions  arc  the  most  time-consuming 
ones  in  our  program,  tlie  microprocessor  is  also  interfaced  with  a 
hardware  multiplier  unit  based  on  Fairchild  9344  4X2  bit  multiplier 
modules  where  multiplication  time  is  350  ns  as  compared  with  1 ms 
in  the  microprocessor  itself.  (Note  that  since  no  division  is  made 
during  normal  operation,  hardware  division  is  not  presently  per- 
formed.) Vha  the  latter  arrangement,  the  complete  recognition  is 
performed  within  0.2  s for  the  five-function  sv  stem,  which  is  witli- 
in  the  desired  time  limit. 

It  should  be  noted  that  even  with  the  hardware  available  today, 
such  as  the  Intel  3000  system  (which  was  not  available  wlien  eiiuip- 
ment  for  this  project  was  purchased),  a 1 0-times-fastcr  system  can 
be  achieved  using  the  same  algorithm.  ObserN’ing  that  12-bit  data 
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arc  used,  the  8-bit  8080  program  must  be  written  usinj^  double 
word  length.  Iherelore,  use  ol  a 16-bit  microproccssttr  such  as 
those  now  becoming  available  (i.e.,  the  I’lessey  .\lIPROC-8)  would 
lurther  increase  the  accuracy  and  speed  ol  the  system. 

C.  Prosthesis  Interface 

1 he  interlace  between  the  microcomputer  system  and  the  pros- 
thesis is  basically  identical  to  that  ol  the  toe-controlled  prosthesis 
(4).  We  note  that  the  system  may  also  incorporate  toe  control  lor 
interrupt,  speed  control,  and  grasj).  The  latter  lunctions  may 
alternatively  be  perlormed  via  processing  E.\1G  data  from  two 
electrode  locations,  using  either  two  microprocessors  in  parallel 
or  one  last  microprocessor  operating  in  a multiplex  mode. 


Figure  3. -Prosthesis  interface  schematic. 


The  microprocessor  computing  system  latches  the  binary  func- 
tion code  into  an  output  port,  from  where  it  is  decoded  by  a 3-to-8- 
line  TTL  decoder.  The  signals  from  the  decoder  directlV  ctmtrol 
DIP  solid-state  DC  power  relays  {,\IA-604  manulactured  by  I heta-J 
Relays,  Inc.)  which  switch  the  power  to  the  prosthesis’  motors 
(Fig.  3). 
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FUNCTION  DISCRIMINATION  PERFORMANCE 

Tlie  first  tests  usinj;  this  inieroprocessor-haseil  sssteni  were 
pertormcd  with  data  taken  Ironi  an  above-elljDW  am|)utee  (ampu- 
tated 7 years  earlier)  who  had  no  prior  trainini;.  lie  had  severe 
neural  and  muscle  loss  (he  had  virtualh  no  triceps,  and  had  lost 
more  than  2/3  of  his  biceps).  Further  tests  with  this  amputee  have 
yielded  a success  rate  ol  85  percent  to  95  percent  lor  discrimination 
among  five  limb  functions  (elbow  llexion  and  extension,  wrist 
pronation  and  supination,  hold),  using  3rd  order  .■\R  reference 
models  based  on  200  data  points  and  where  the  least  stjuares  algo- 
rithm (6)  was  used.  Discrimination  was  complete  within  0.2  s, 
using  double-precision  algorithms  on  the  8-bit  Intel  8080  system 
described  previously.  With  training  of  the  amputee,  and  using  a 
higher-order  AR  model  and  a longer  data  sequence  for  improved 
convergence  (see  Section  B),  considerable  improvement  in  accuracy 
is  anticipated. 

In  contrast  to  the  system  described  in  reference  (3),  the  present 
system  is  very  sensitive  to  identification  bias  since  discrimination  is 
based  on  a scalar  error  function  rather  than  on  a high  dimensional 
vector,  the  scalar  error  function  being  minimal  only  in  the  bias-free 
case.  Hence,  since  the  unbiased  AR  model  involves  a higher  number 
of  parameters  (infinity,  in  theory)  that  decrease  exponentially  (6), 
a 3rd  order  model  is  certainly  biased.  The  use  of  the  3rd  order 
model  was,  however,  necessitated  by  our  speed  limitations.  To  over- 
come this  limitation,  and  to  reduce  bias  (i.e.,  to  increase  accuracy) 
we  have  recendy  replaced  the  least  squares  algorithm  (6)  with  a 
faster  version  based  on  Luenberger’s  optimization  by  vector  space 
methods  (11),  to  obtain  a four-fold  increase  in  computation  speed. 
This  now  allows  identification  of  six  parameters  within  0.2  s. 

Initial  amputee  tests  using  this  faster  algorithm  show  an  enhance- 
ment of  5 percent  in  accuracy  when  four  parameters  are  identified, 
versus  the  three-parameter  case.  We  also  comment  that  we  have 
recently  acquired  a 16-bit  Plessey  MIPROC-8  microprocessor 
system,  which  is  10  times  faster  than  our  present  Intel  system.  Once 
the  algorithms  and  the  analog  interface  are  modified  for  this  new 
system,  present  speed  problems  should  be  fully  overcome— even 
using  the  original  least  squares  algorithm  which  is  more  accurate 
than  the  speeded  up  version  (11)  for  any  number  of  parameters, 
due  to  its  better  convergence  (10).  Furthermore,  using  the  MIPROC- 
8 system  at  double-precision  should  improve  computational  ac- 
curacy, due  to  reduced  round-off  errors,  and  thus  contribute  to 
even  higher  success  rates.  We  also  comment  that  since  16-bit  micro- 
processors of  equal  or  higher  speed  than  the  MlPROC-8  are  now 
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commercially  available,  further  increases  in  discrimination  speed  are 
a certainty. 

CONCLUSIONS 

We  have  described  a prosthesis  control  system  based  on  micro- 
processor hardware  whereby  control  of  an  artificial  limb  for  above- 
elbow  amputees  is  accomplished  in  several  degrees  of  freedom.  (We 
comment  that  though  this  discussion  relates  to  above-elbow  ampu- 
tees, a major  beneficiary  may  be  the  shoulder-disarticulation  ampu- 
tee, for  whom  many  functions  must  be  activated  yet  only  a few 
control  sites  are  available.)  The  design  is  based  on  employing  time 
series  identification  techniques  for  parameter  discrimination.  The 
system’s  design  is  outlined  in  terms  of  its  hardware  and  software. 
The  system  is  presently  undergoing  clinical  testing  on  an  above- 
elbow amputee  in  cooperation  with  the  Prosthetic  and  Sensory 
Aids  Service  of  the  Veterans  Administration  Hospital  in  Denver, 
Colorado,  and  initial  results  are  reported. 

We  comment  that  the  present  system  enables  multifunctional 
limb  control  at  will,  with  minimal  training,  using  one  or  two  elec- 
trode sites,  and  is  within  volume  and  weight  constraints  for  practical 
prosthesis  applications.  An  incorporation  of  the  present  system 
with  a toe-controlled  one  for  increasing  the  number  of  controllable 
functions,  as  is  required  for  bilateral  above-elbow  amputees,  is  also 
underway. 

The  clinical  test  results  reported  are  for  a Vietnam-era  amputee 
who  was  amputated  7 years  ago  and  who  had  no  previous  KMG 
training.  These  results  were  obtained  after  only  several  hours  of 
work  with  the  system,  this  time  being  in  periods  of  30-45  minutes 
work  with  the  system,  separated  by  2-6  weeks  with  no  additional 
training  in-between.  All  our  results  are  real-time  obtained  from 
standard  microprocessor  hardware  as  described,  using  8-bit  double- 
precision word  length  on  an  Intel  8080-based  system. 
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Italy 

In  the  curly  196U’s,  because  of  widespread  use  of  ibalidomidc,  a 
sedative  taken  by  women  in  early  prennancy,  a lari;e  number  of 
children  were  born  with  severe  conj<enital  anomolies,  notably 
dysmelia.  Ihese  children,  now  approachiiii'  early  adulthood,  require 
the  application  of  acceptable  functional  cosmetic  prostheses  to 
serve  both  their  personal  needs  and  to  enable  them  to  enter  into  the 
social  and  occupational  environment  of  the  community. 

Until  recent  years,  for  the  very  severe  forms  of  dysmelia,  the 
onl)'  means  of  prosthetic  treatment  has  been  with  pneumatically 
powered  prostheses  (Fig.  1).  Regrettably,  our  surveys  indicate  that 
a very  high  percentage  of  children  have  rejected  this  type  of  upper- 
limb  prosthesis.  The  parents  may  be  a major  factor  in  this  rejection 
because,  in  performing  the  activities  of  daily  living  for  these  chil- 
dren, they  have  diminished  the  children’s  desire  to  help  themselves 
and  to  be  independent.  Another  reason  often  cited  is  the  complex- 
ity of  the  prosthesis  itself  and  the  difficulty  of  securing  fresh 
supplies  of  energy.  Special  eciuipment  is  required  for  refilling  the 
gas  cylinders  (Fig.  2)  and  this  restricts  the  distances  wearers  can 
travel  from  home  unless  they  carry  the  necessary  cumbersome 
equipment  with  them. 

There  are  also  limitations  from  the  standpoint  of  futiction, 
limitations  which  do  not  actively  permit  all  desired  movements. 
(For  example:  at  the  elbow,  flexion  is  active  and  extension  is  by 
gravity;  at  the  wrist,  supination  is  active  while  pronation  is  by  a 
spring;  and  at  the  shoulder,  flexion  and  extension  are  passive 
motions  with  a pneumatic  lock.) 

These  disadvantages  naturally  diminish  considerably  the  desirabil- 
ity of  using  pneumatic  power  for  dysmelics. 
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tlGURE  1. -Subject  with  bilateral  upper-limb  congenital  malformations  fitted  with 
pneumatic  prostheses. 


Following  development  of  reliable  myoelectric  prosthetic  control 
components,  we  began  fitting  large  numbers  of  bilateral  upper-limb 
amputees,  including  patients  with  shoulder  disarticulations,  with 
electrically  powered  prostheses.  Functional  results  were  superior  to 
those  obtained  with  any  other  type  of  prosthesis. 

These  results  became  known,  and  our  Rehabilitation  Center  at 
Budrio  began  receiving  inquiries  from  people  with  severe  congenital 
upper-limb  malformations.  This  caused  us  to  evaluate  the  feasibility 
of  starting  a program  for  dysmelics  using  myoelectrically  (EMG)  or 
electronically  (switch)  controlled  prostheses. 

This  program  was  begun  in  1972.  Today  it  is  possible  to  state 
that  the  system  we  developed,  utilizing  myoelectric  control  of  the 
prostheses,  gives  greater  satisfaction  and  provides  the  patient  with 
better  function  than  the  pneumatically  powered  prostheses  we 
previously  used.  This  system  has  been  applied  to  persons  of  differ- 
ent nationalities,  having  congenital  amputations  of  various  types, 
and  with  varying  degrees  of  neuromuscular  and  intellectual  ability. 
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Figure  2.— Cylinder  for  recharging  small 
CO,  cylinders. 


From  our  large  patient  population,  it  is  possible  to  note  some 
statistical  trends.  At  first  it  was  thought  that  electrically  powered 
prostheses  could  not  operate  as  naturally,  or  deveop  as  strong  a pre- 
hension force,  as  pneumatic  prostheses.  This  assumption  has  been 
shown  to  be  incorrect.  Table  1 lists  comparisons  between  pneu- 
matic and  electrically  powered  systems  and  compares  various 
technical  specifications  of  the  two  systems  with  which  our  center 
has  extensive  experience. 

From  our  studies,  as  evidenced  in  Table  1,  the  prostheses  utiliz- 
ing electrical  energy  have  surpassed  the  pneumatic  prostheses. 
Furthermore  they  have  the  additional  advantage  that,  for  recharging 
the  power  pack,  no  special  containers  are  necessary;  any  standard 
electrical  power  outlet  of  125  to  220  V can  be  used.  All  that  is 
needed  is  a battery  charger  about  the  size  of  a pack  of  cigarettes.  A 
disabled  person  is  no  longer  restricted  but  can  move  about  freely 
and  confidently;  he  can  travel  without  having  to  carry  large  CO2  gas 
supply  cylinders  and  other  specialized  equipment  with  him. 
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Table  l. -Pneumatic  vs.  Electric  Prosthesis  Power: 
Some  Technical  Specifications  Compared 


Technical 

specifications 

Otto  Buck  pneumatic 

Otto  Bock  electrical 

hand  system 

hand  system 

System  pressure  or  voltage 

5 atm  (506  kPa) 

12  V 

Maximum  opening 

65  mm  I 

100  mm 

Maximum  prehension  force 

7 kPa 

15  kPa 

Speed  of  movement 

45  mm/s  , 

80  mm/s 

Total  weight 

340  g 

450  g 

Average  number  of  grip  move- 
ments per  charge  pf  power  pack 
(48  g (5  bar)  of  CO, ; 450  mAh 
battery  :harge).^ 

1300 

4200 

Otto  Bock  pneumatic 

Otto  Bock  electrical 

wrist  rotation  unit 

wrist  rotation  unit 

System  pressure  or  voltage 

5 atm  (506  kPa) 

12  V 

Maximum  range  of  rotation 

190  deg 

360  deg 

Maximum  torque 

7.5  cm-kPa 

10  cm-kPa 

Weight 

Average  number  of  rotation 

140  g 

120  g 

movements  per  charge  of  power 
pack  (48  g (5  aim)  of  CO, ; 

450  mAh  battery  charge). 

1050 

1350 

Otto  Bock  pneumatic 

Otto  Bock  l.N.A.l.L 

elbow  unit 

electrical  elbow  unit 

System  pressure  or  voltage 

5 atm  (506  kPa) 

12  V 

Range  of  motion  (flexion) 

0-130  deg 

0-130  deg 

Speed  of  flexion 

3s 

1.8  s 

Speed  of  extension 

3.5  s 

2 s 

Weight 

320  g 

410  g 

Average  number  of  flexion- 
extension  movements  (full  range 
of  motion)  per  charge  of  power 
pack  (48  g (5  atm)  of  CO,  ; 

450  mAh  battery  charge). 

420 

750 

Otto  Bock 

Otto  Bock  12  V 

CO,  power  pack 

rechargeable  nickel- 
cadmium  battery 

System  capacity 

48  g (5  atm)  CO, 

450  mAh 

Weight 

350  g 

280  g 

Dimensions 

36  X 140  mm 

16  X 58  X 150  mm 

^Definition  of  average  grip  movement:  an  average  grip  movement  as  here  defined  begins 
with  the  hand  opened  to  50  mm.  The  hand  is  closed  30  mm  to  grasp  an  object  20  mm 
thick  with  a force  of  3 kPa.  It  then  releases  its  grip  and  opens  30  mm  to  the  original 
starting  position  of  50  mm  opening  to  begin  a new  grip  movement. 
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RESIDUAL  LIMB  FUNCTION  AS  A CRITICAL  FACTOR 
IN  THE  DESIGN  OF  A PROSTHESIS  AND  ITS  CONTROL  SYSTEM 

Special  care  must  be  given  to  the  evaluation  ol'  the  function  and 
efficiency  of  the  residual  limb,  and  how  it  may  be  utilized  and 
incorporated  in  the  prosthetic  system.  A fundamental  concept 
w'hich  must  always  be  borne  in  mind  is  that  the  control  mechanism 
of  the  prosthesis  must  be  located  on  the  same  side  as  the  amputa- 
tion. This  factor  is  of  the  greatest  importance  in  the  case  ol  bilateral 
involvement  because  it  is  a necessary  condition  for  the  achievement 
of  independent  control  of  the  two  prostheses. 

Once  an  evaluation  has  been  made  of  the  degree  of  function  of 
the  residual  limb  which  may  be  utilized,  it  is  necessary  to  decide 
whether  the  remaining  prosthetic  function  can  be  controlled  with  a 
single  myoelectric  controller  or  if  it  is  necessary  to  use  additional 
controls  (such  as  microswitches,  transducers,  or  mechanical  devices). 

Because,  in  cases  of  congenital  malformation,  the  myoelectric 
potentials  required  for  prosthesis  control  arc  not  always  available, 
we  have  developed  a fitting  protocol.  Our  protocol  successfully 
involves  utilization  of  the  following  components,  singly  or  in  var- 
ious combinations,  as  the  severity  and  level  of  involvement  increase: 

1.  A myoelectric  amplifier  for  control  of  a single  function  from 
each  muscle  (Fig.  3).  (Note  the  size  as  compared  with  the  U.S.  onc- 
dollar  coin.) 

2.  A multi-channel  myoelectric  amplifier  and  electrodes  for 
control  of  two  functions  using  signals  from  one  muscle  (Fig.  4). 
This  is  achieved  by  using  a minimal  to  sub-maximal  signal  to  pro- 
portionally control  movement  of  a prosthetic  component  in  one 
direction.  (For  example:  hand  closing,  wrist  supination,  or  elbow 
flexion  might  be  controlled  by  a myoelectric  signal  whose  ampli- 
tude is  between  20  and  60  /aV.)  A maximal  contraction  (exceeding 
the  previous  upper  threshold)  is  used  to  control  movement  of  the 
prosthesis  in  the  opposite  direction  at  a fixed  rate  (for  example: 
hand  opening,  wrist  pronation,  or  elbow  extension  might  be  con- 
trolled at  that  same  electrode  site  by  a myoelectric  signal  whose 
amplitude  is  between  60  and  100  mV.). 

3.  Specially  constructed  myoelectric  amplifiers  which  respond 
solely  to  special  levels  of  muscle  potential  that  a given  patient  is 
capable  of  generating  (Fig.  5). 

4.  Electrical  control  (Fig.  6)  by  means  of— 

a.  Pressure-operated  microswitches,  which  for  example  may 
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tlGURK  3.— Single-channel  myoelectric  amplifier.  The  illustration  shows  the 
items  at  approximately  their  actual  size. 
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Figure  4. -Multichannel  myoelectric  amplifier  with  small  scale  inte- 
grated circuit  (SSI)  elements.  The  illustration  shows  the  items  at  approx- 
imately their  actual  size. 
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Figure  S. -Amplifier  made  with  special  characteristics  that 
respond  solely  to  special  levels  of  muscle  potential.  The  illustra- 
tion shows  the  items  at  approximately  their  actual  size. 


Various  microswitches  and  sensors  (capacitance  switches)  for  control  of  prostheses. 
>n  shows  the  items  at  approximately  their  actual  size. 
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be  operated  by  rudimentary  fingers  in  phocomelias; 

b.  Traction-operated  switches,  which  for  example  mat’  be 
operated  by  scapular  abduction,  shoulder  elevation,  etc.; 
and 

c.  Sensors  (capacitance  switches). 

5.  A mechanical  control  for  flexion-extension  of  the  elbow  with 
a multiplier  system  associated  with  elbow  locking  (Fig.  7).  (This 
device  includes  a small  pulley,  around  which  the  control  cable 
travels,  located  on  the  chest  strap  portion  of  the  harness.  This 
mechanism  serves  two  purposes:  (i)  to  keep  the  angle  of  pull  on 
the  control  cable  such  that  it  always  falls  across  the  distal  1/3  of 
the  scapula,  thus  optimizing  the  amount  of  excursion  obtainable 
from  residual  gleno  humeral  flexion  and  scapular  abduction,  and  (ii) 
depending  upon  the  diameter  of  the  pulley  used,  it  amplifies  the 
amount  of  excursion  obtainable  from  scapular  abduction  by  an 
appropriate  ratio.) 


I'lGURt  10. -Socket  with  partial  shoulder  cover  and  Rood  freedom  of  movement  in 
abduction. 


I 

I 
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F IGL'RE  1 1. -Total  contact  socket;  one  can  note  the  total  contact  even  when  loaded  with 
a weiKht. 


6.  hur  bilateral  above -clbttw  aiupuialions,  a meclianism  has 
been  designed  where  Ilosmer  locking  elbow  joints  are  used.  This 
mechanism  permits  simultaneous  or  individual  control  of  kinematic 
elbow  joints  and  prostheses  in  cases  of  bilateral  congenital  mal- 
formations. It  serves  to  always  maintain  optimal  suspension  of  the 
prostheses  and  optimal  alignment  of  the  control  strap  and  elbow- 
lock  attachment  strap  for  each  prosthesis  irrespective  of  the  posi- 
tion of  the  other  prosthesis  (Fig.  8 and  9). 

The  degree  of  function  of  the  overall  prosthetic  system  depends 
on  two  factors: 

a.  the  maximum  utilization  of  any  remaining  function  of  the 
residual  limb  and 

b.  the  control  of  the  single  movements,  such  as  control  of  termi- 
nal device  grasp,  or  elbow  nexion-extension. 

In  order  to  secure  maximum  utilization  of  the  residual  or  mal- 
formed limb  from  the  standpoint  of  functional  capacity  of  the 
prostheses,  and  in  order  that  the  movements  of  the  residual  or  the 
malformed  limb  shall  control  the  movements  of  the  prosthesis,  it 
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is  necessary  that  llieie  he  total  eontaet  hetvveen  the  [rrosthesis  anti 
tile  residual  liinh,  or  ratlier  there  must  Ire  treated  almost  a single 
unit  hetween  the  prosthesis  aiul  the  residual  limb  itsell  (l  it;.  10 
and  11).  l in  lliis  |)ur|)ose  it  is  ol  the  greatest  importanee  that  the 
socket  l)e  maile  with  the  utnrost  eare  especially  in  the  ease  ol  mal- 
lorm.itions.  1 he  ilesit;n  ol  the  socket  cannot  he  standardi/.id;  in 
mans  cases  special  desit;ns  must  he  created  which  are  suitable  to 
the  mallormed  limb.  Only  in  this  way  is  it  [xrssihle  to  obtain  the 
ma.ximum  ranine  ol  motion  or  work  envelope  (l  it;.  12). 


Figure  12.— Types  of  socket  (lesion  illustratinr>  the  variety  of  designs  required  for 
particular  prosthetic  management. 


Figure.  13. -a  complete  upper  Umb  prosthetic  system  and  its  component  parts:  a.  pas- 
sive-friction gleno-humeral  joint;  b.  passive-friction  adaptation  (upper  arm  joint); 
c.  l.N.A.l.L,  elbow;  d.  quick-disconncct  wrist  unit;  e.  Otto  Bock  wrist  rotation  unit;  and 


f.  I.N.A.I.L.  hand. 


J 
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Figure  H.^THc  two  uiustrittions  above  demonstrate  the  ran^e  of  motion  required  of 
the  assembled  prosthesis  to  achieve  the  amount  of  mobility  desired. 
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Once  the  socket  has  been  fabricated  and  fitted,  and  does  not 
restrict  motion,  the  various  components  of  the  prosthesis  arc- 
attached— (Fig.  13): 
the  hand, 
the  wrist  joint, 
the  elbow  joint,  and 
the  shoulder  joint. 

At  this  time  evaluation  is  made  as  to  the  degree  of  mobility  of  the 
various  components  connected  together  so  that  the  prosthesis  can 
assume  all  the  positions  retiuired  (Fig.  14). 

If  this  objective  is  not  achieved,  it  is  necessary  to  add,  by  means 
of  passive  articulations,  supplementary  passive  friction  joints  which 
render  possible  the  positioning  of  the  prosthesis  to  all  the  positions 
necessary  for  maximum  functional  capacity. 

All  this  is  absolutely  necessary  because  the  best  prosthetic  device 
made  is  completely  useless  if  within  the  range  of  its  functional 
capacity  there  are  limits  in  its  movements  (Fig.  15). 

Only  after  it  has  been  demonstrated  that  the  patient  is  capable  of 
achieving  a full  range  of  motion  (ROM)  with  his  prosthesis,  and  of 
spatially  controlling  the  prosthesis  with  his  residual  limb  in  all 
positions,  and,  above  all  when  it  is  certain  that  the  socket  remains 
in  place  with  no  movement  about  the  residual  limb  during  opera- 
tion of  the  prosthesis,  do  we  proceed  to  determination  of  control 
sites  or  methods  for  operation  of  the  various  components  such  as 
the  hand,  wrist,  and  elbow.  For  example,  when  confronted  with  a 
shoulder  disarticulation  one  must  select  three  sites  for  three 
degrees  of  freedom  of  motion  (hand,  wrist,  and  elbow).  Once  sites 
are  selected  which  have  good  myoelectric  signals,  the  subject  is 
trained  to  control  the  hand,  wrist,  and  elbow,  independently. 
Whichever  muscle  the  subject  is  best  able  to  use  to  control  the 
elbow,  for  example,  is  the  muscle  site  designated  for  the  elbow. 
(Similarly,  control  sites  for  the  hand  and  wrist  are  designated.) 

As  has  been  pointed  out  previously  m this  paper,  the  mechan- 
isms and  controls  of  the  prosthesis  must  always  be  located  on  the 
affected  side. 

Before  beginning  installation  of  the  control  system  it  is  impor- 
tant, first  of  all,  to  evaluate  carefully  the  individual  case.  In  the 
case  of  a unilateral  congenital  amputee,  the  function  of  the  pros- 
thesis almost  always  serves  only  as  an  aid  to  the  remaining  hand, 
or  arm  and  hand.  But  in  the  case  of  bilateral  involvement,  the 
prosthetic  devices  are  of  vital  importance. 

The  present  state  of  progress  in  the  development  of  myoelectric 
or  electric  prosthesis  control  has  led,  in  the  case  of  patients  with 
congenital  bilateral  malformation  of  the  upper  limbs,  to  a considcr- 
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tiGURE  15.- Adaptation  of  the  prosthesis  with  further 
friction  articulation  (arrow).  This  enables  the  patient  to  posi- 
tion the  upper  arm  passively  in  order  to  position  the  elbow 
and  hand  in  a functional  position,  i.c.,  adds  more  freedom  of 
motion. 


able  advantage  as  compared  with  other  existing  prostheses  because 
it  makes  possible  the  utilization  ol  both  prostheses  simultaneously— 
as  well  as  independently,  one  from  the  other.  This  is  ijossiblc 
because  all  the  control  systems  of  each  |)rosthcsis  are  to  be  found 
on  the  side  of  the  prosthesis  itself.  For  this  reason,  choice  among 
control  systems  must  be  made  with  special  care  and  adopted  only 
after  their  various  capabilities  have  been  compared. 

It  is  .dways  important  to  begin  with  the  simi)lest  controls  (from 
the  |)oint  of  view  of  activation  and  c(mtrol)  and  then  pass  on  to  the 
more  difficult  ones,  without  unduly  complicating  the  system  in  the 
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Figure  16.  in  cases  of  congenital  mal* 
formations  of  the  upper  limbs,  account 
must  be  taken  of  the  various  systems  of 
control  for  the  prosthesis  movements  in 
peromelia  (above),  phocomelia  (above, 
right),  and  amelia  (right). 
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patient’s  eyes.  Above  all,  avoid  creating  an  unnecessary  state  of 
tension  in  the  patient. 

The  application  of  prostheses  for  congenital  malformations  of 
the  upper  limbs  can  be  divided  into  three  large  grouirs,  each  grou[) 
with  its  particular  system  of  control.  The  three  groups  (big.  16) 
involve  (i)  forms  of  peromelia,  (ii)  forms  of  phocomelia,  and  (iii) 
forms  of  amelia. 

In  the  case  of  peromelia,  where  there  exist  residual  limbs  almost 
similar  in  form  to  those  of  a traumatic  amputation,  those  residual 
limbs  can  be  utilized  for  a myoelectric,  mechanical,  or  kinematic  ] 

control.  In  these  cases  use  is  generally  made  of  the  biceps  and  the  | 

trice[)s  for  single  or  multichannel  myoelectric  control  for  o|jening  ' 

and  closing  the  hand  and  for  pronation  and  sujrination  of  the  wrist,  ’ 

respectively.  For  extending  and  flexing  the  forearm  and  locking  the  j 

elbow,  movement  of  the  residual  limb  is  used.  Because  they  have  1 

proved  to  be  very  satisfactory,  we  use  llosmer  locking  elbow  joints  j 

in  this  particular  application.  For  the  very  short  residual  limb  | 

having  limitations  in  range  of  motion,  a special  system,  which  > 

provides  excursion  amplification,  makes  possible  the  complete  j 

control  of  elbow  flexion-extension  and  locking  from  0 deg  to  130  ( 

deg  (Fig.  17).  See  also  Figure  7.  i 

Where  there  is  bilateral  peromelia,  it  has  been  necessary  to  j 

develop  a special  device  which,  connected  to  the  control  cables,  | 

makes  it  possible  to  operate  both  elbows  simultaneously  as  well  as  , 

independently  (Fig.  8 and  9). 

Only  when  it  is  not  possible  to  follow  the  procedure  just  des- 
cribed is  it  necessary  to  utilize  an  electric  elbow.  It  must  be  pointed  i 

out  that  experience  has  shown,  in  forms  of  peromelia,  that  it  is 
unlikely  in  their  present  state  of  development  for  an  elbow  de- 
pendent on  external  energy  (in  our  case  electric  energy)  to  give 
movement  as  smooth  as  that  controlled  and  powered  by  the  residu- 
al limb  itself. 

In  forms  of  phocomelia,  we  are  faced  with  a different  situation  in 
which  the  malformed  limb  (almost  always  without  skeletal  connec- 
tion with  the  trunk)  can  be  utilized  solely  to  activate  control 
mechanisms  for  the  various  joints  of  the  prosthesis. 

In  a very  few  cases,  the  small  malformed  limbs  can  also  be  used  , 

to  control  movements  of  the  prostheses,  in  the  same  way  as  in 
forms  of  peromelia.  In  these  types  of  malformation  it  is  rare  that 
one  can  use  myoelectric  controls.  Certainly  one  could  use  rotator 
cuff  or  shoulder  girdle  muscles  as  a source  of  a signal,  but  that 
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Figure  17.— a control  mechanism 
which  provides  excursion  amplification 
enabling  full  range  of  motion  of  the  elbow 
in  cases  of  verv’  short  residual  limbs.  At 
right:  illustrating  the  prosthesis  in  use. 
Above:  the  multiplication  system  (excur- 
sion amplification).  The  arrow  at  right 
locates  the  pulley,  and  the  pair  of  arrows 
at  the  left  indicate  the  course  of  the  con- 
trol cable. 
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i'lGURK  1 8.— Illustration  of  the  use  of  microswitchfs  in  the  control  of 
a prosthesis  for  phocoinclia. 


woulil  make  it  necessary  to  encapsulate  the  sliuukler  in  the  socket, 
there!))  sacrilicinit  raiitte  of  motion.  Therelore.  instead  oi  myo- 
electric controls,  small  microswitches  or  sensors  are  used.  These  are 
es[)eciall)'  suitable  because,  for  their  operation,  it  is  possible  to 
make  use  of  mallormed  parts  of  sinule  finyers  which,  though  with- 
out any  strenffth,  are  capable  of  makinj>  a movement,  however  sliuht. 
to  actuate  the  controls  (Ti.t;.  18). 

For  this  reason  it  is  possilile  to  state  with  assurance  that  the 
prosthetic  device  lor  liilateral  phocomelia  has  lieen  cotisideralil) 
reduced  as  rei;,irds  hulk.  Improvement  has  been  m.ide  in  its  func- 
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lion  and  appearance  and,  consequently,  in  the  outward  attitude 
of  the  disabled  person  toward  his  prosthesis— which  also  means 
improving  the  jratient’s  functional  capacity  with  his  prosthesis. 

In  jorms  of  amelia,  use  is  made  e.xclusively  of  myoelectric 
controls  for  the  various  movements,  since  up  to  the  present  no 
other  system  of  control  or  combination  of  controls  has  given  more 
satisfactory  results. 

Today  it  can  be  said  that  in  the  most  serious  dysmelic  malforma- 
tions such  as  amelia,  the  possibilities  of  achieving  functional  capa- 
city have  been  improved  by  virtue  of  myoeleclriciilly  controlled 
prostheses.  This  has  come  about  because,  on  the  residual  limb  (in 
this  case  the  shoulder)  slight  movements  such  as  the  forward  and 
backward  or  elevation  motions  have  been  utilized  by  means  of 
special  sockets,  and  are  of  considerable  importance  for  the  func- 
tional capacity  of  the  prostheses  themselves. 

Generally  speaking  one  succeeds  by  using  five  pairs  of  electrodes 
(Fig.  19),  with  a multichannel  amplifier,  to  control  ten  movements. 
This  is  amply  sufficient  for  the  entire  arm. 


SchmidI:  The  I.N.A.I.L.  Experience  with  Myoelectric  Control 


t IGURE  20.— Prosthetic  treatment  of  one  side,  as  initial  phase,  in  a case  of  amelia. 


Here  again,  it  is  only  after  a certain  period  of  training  the  patient 
in  the  use  of  the  various  muscles  that  the  entire  prosthesis  is  con- 
structed and  the  control  site  for  each  motion  selected.  Prosthetic 
treatment  is  carried  out  on  one  side  first  (Pig.  20).  Then,  after  an 
interval  of  about  6 months,  the  other  prosthesis  is  fabricated.  The 
reason  for  this  is  to  enable  the  patient  to  concentrate  his  entire 
attention  on  the  operation  of  one  prosthesis.  Only  after  a suitable 
period  of  practice  is  he  fitted  with  the  second  prosthesis  and  trained 
in  using  two  prostheses  simultaneously  (Pig.  21). 

The  patient  is  also  given  the  possibility  of  voluntarily  eliminating 
movements  such  as  those  of  the  hand  or  the  elbow,  of  pronation 
and  supination,  by  means  of  microswitches  or  traction  (pull) 
switches  (Pig.  22  and  23).  This  temporary  elimination  of  certain 
movements,  willed  and  controlled  by  the  patient  himself,  gives  him 
a degree  of  assurance  in  certain  uses  of  the  prosthesis  without 
upsetting  the  smoothness  of  the  movements  it  is  desired  to  accom- 
plish. 
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PlCiLiRt  21.- Bilateral  prosthetic  man- 
agement after  an  internal  of  about  6 
months. 

In  practice  this  system  makes  possible  the  control  of  all  the 
single  movements  without  limitations.  It  also  makes  it  possible  to 
lock  and  eliminate  within  the  prosthesis  itself  certain  movements 
as  compared  with  others. 


CONCLUSION 

In  conclusion,  it  is  possible  to  state  that  myoelectric  and  electric 
control  systems  have  given  a strong  impetus  to  successful  prosthetic 
restoration  of  congenital  amputees.  But,  it  is  also  necessary  to  point 
out  that  it  is  very  unlikely  that  this  kind  of  management  can  be 
carried  out  except  in  specializet.  centers.  For  the  construction  of 
these  prostheses,  in  addition  to  highly  qualified  personnel  in  certain 
disciplines  or  branches  of  science,  costly  equipment  is  necessary. 
The  small  number  of  cases  of  severe  dysmelia  to  be  found  in  each 
country  might  not  justify  purchasing  this  equipment.  Therefore, 
specifically  to  limit  costs  and  reduce  the  burdens  of  amortization,  it 
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Figure  22. -Adaptation  of  a microswitch  for  the  exclusion  of  certain  movements  of 
the  prosthesis.  It  is  located  in  the  forearm  and  is  manually  operated  by  the  other  arm  or 
by  using  the  edge  of  a table,  etc. 


would  seem  logical  to  consider  carrying  out  treatment  on  an  inter- 
national level. 

At  the  present  time  we  are  in  a position  to  treat  the  various 
forms  of  dysmelia  of  the  upper  limbs  from  the  age  of  about  13-14 
years  and  on.  For  younger  children  (fortunately  few  in  number) 
the  components  do  not  exist,  or  rather,  a beginning  has  only  just 
been  made  in  this  direction.  Here  1 should  like  to  mention  the 
Variety  Village  Flectro-Limb  Production  Centre  in  Canada,  which 
has  undertaken  the  manufacture  of  components  for  electric  pros- 
theses  for  small  children.  VVe  arc  just  now  at  the  stage  of  testing 
these  components  for  inclusion  in  our  program  of  prosthetic 
management  of  dysmclic  children. 

We  arc  convinced  that  future  prosthetic  management,  of  both 
upper-limb  traumatic  amputation  and  of  persons  disabled  by 
congenital  malformation,  lies  with  prostheses  activated  by  electrical 
energy.  VVe  arc  confirmed  in  this  conviction  by  the  results  of  the 
prosthetic  management  of  persons  affected  by  congenital  malforma- 
tions of  the  upper  limbs  who  have  been  supplied  with  myoelectric 
or  electrically  controlled  prostheses. 
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Figure  23.— Traction  (pull)  switch  or  microswitch  which  makes  possible  the  voluntary 
elimination  of  certain  functions  of  the  prosthesis  (such  as  the  elbow  or  the  wrist). 

In  the  application  of  such  complex  prostheses,  it  must  never  be 
forgotten  that  the  patients  we  treat  arc  human  beings,  handicapped 
as  a result  of  their  malformations  with  the  loss  of  dexterity,  mani- 
pulative ability,  and  proprioceptive  feedback.  To  compensate  for 
their  restriction  of  movement  they  have  developed  a sensibility  that 
is  more  acute  than  that  of  physically  normal  people.  They  will  give 
their  cooperation  as  long  as  they  feel  the  effectiveness  and  the 
benefits  of  the  prosthetic  restoration.  They  react  adversely  if  they 
are  disappointed  with  the  device— and  we  must  strive  to  sec  that  this 
docs  not  occur. 
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INTRODUCTION 

Periodic  evaluation  of  accumulated  data  allow’s  not  only  for  the 
detection  of  trends,  but  also  for  the  constant  monitoring  of  quality 
control  of  amputee  service.  Research  in  prosthetic  design  is  always 
continuing.  Nlodifications  of  prostheses  to  give  greater  functional 
ability  and  improved  cosmesis,  as  well  as  provisions  for  recreational 
prostheses,  are  often  mentioned  in  the  literature.  But  is  the  patient 
satisfied  with  what  has  been  and  is  being  done  for  him  to  achieve 
maximum  function,  comfort,  and  esthetic  appeal? 

The  purpose  of  this  survey  was  to  obtain  information  which 
would  be  helpful  in  evaluating  various  services  delivered  to  ampu- 
tees, and  to  determine  whether  the  patients  felt  these  services  were 
adequate.  An  attempt  was  made  to  determine  the  number  of 
patients  for  whom  prostheses  were  prescribed;  the  length  of  time 
from  surgery  to  prosthetic  prescription;  how  long  prostheses  lasted; 
what  modifications  were  necessary;  and,  most  importantly,  whether 
the  patient  was  happy  with  his  artificial  limb. 

Additional  areas  of  investigation  included  the  nature  of  phantom 
pain  experienced  and  its  relationship  to  prosthetic  use;  patient 
social  readjustment  and  self-image;  and,  finally,  patient  suggestions 
for  prosthetic  research. 

^Based  on  work  performed  under  Veterans  Administration  Contract  No.  V663P-784. 
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MATERIALS  AND  METHODS 

Questionnaires  were  mailed  to  350  patients  who  had  undergone 
a variety  of  lower-limb  amputations.  All  patients  had  been  treated 
with  rigid  postoperative  dressings.  The  amputations  had  been 
pertormed  at  several  Seattle -area  hospitals,  including  the  Veterans 
Administration  Hospital  and  a children’s  hospital.  Prostheses  had 
been  fabricated  at  a number  of  private  and  institutional  prosthetic 
facilities. 

Patients  were  invited  to  answer  all  relevant  questions,  with 
assurance  that  the  identity  of  those  responding  would  remain 
confidential.  Personal  interviews  were  arranged  for  those  people 
who  had  difficulty  understanding  the  questions. 

Patient  selection  was  limited  to  those  who  had  been  discharged 
from  rehabilitation  at  least  3 months  before  the  questionnaires 
were  dispatched,  affording  patients  adequate  opportunity  to  return 
to  their  regular  activities  and  to  define  their  feelings. 

In  the  interest  of  simplicity,  description  of  amputation  level  was 
limited  to  three  categories: 

1.  Below-knee— to  include  partial  foot,  Syme,  and  bclow-knee 
amputations. 

2.  Above-knee— to  include  knee-disarticulation,  above-knee  and 

i hip-disarticulation  amputations. 

3.  Bilateral— to  include  combinations  of  the  above. 


RESULTS 

Patient  Sample 

To  the  350  questionnaires  mailed,  there  were  156  responses  (45 
percent).  Twenty -two  patients  for  whom  a response  was  made  had 
expired,  leaving  a total  of  134  reported  cases  (38  percent  of  350) 
who  had  undergone  154  definitive  amputations. 

Of  the  total  sample,  103  (77  percent)  were  males  and  31  (23 
percent)  females.  Age  at  time  of  amputations  ranged  from  3 to  89 
years  of  age,  with  a mean  of  44.6  years  and  a median  of  51  years. 
Average  age  of  the  below-knee  group  was  47.2  years;  above-knee, 
43.4  years;  and  bilateral,  49.5  years.  Patients  ranged  from  6 months 
to  12  years  postamputation  at  the  time  of  this  evaluation,  (^'ig.  1.) 

Etiologies  consisted  of  10  (7.5  percent)  congenital;  11  (8.2  per- 
cent) tumor;  48  (35.6  percent)  trauma  and  post  trauma;  and  65 
(48.7  percent)  peripheral  vascular  disease  (31  had  previous  failed 
vascular  surgery,  while  22  had  diabetes— of  these  7 had  had  failed 
vascular  procedures). 


I 

i 

i 
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Figure  l.~Sex.  and  age  at  amputation,  of  patients  whose  responses 
were  included  in  the  survey.  There  were  134  reported  cases,  who  had 
undergone  154  definitive  amputations,  in  the  total  sample.  In  this 
graph,  age  at  each  amputation  was  plotted  separately,  as  the  amputa- 
tions of  most  bilateral  amputees  were  performed  at  different  ages. 

Below-knee  amputations  totalled  87  (65  percent);  above-knee 
amputations,  27  (20  percent);  and  bilateral  amputations,  20  (15 
percent).  (Fig.  2.) 


45 


Bulletin  of  Prosthetics  Research-Spring  1977 


r 


CONGENITAL 

10  '’ATIENTS 

TUMOR 

11  PATIENTS 


TRAUMA 
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PVD 
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ABOVE-KNEE 
27  PATIENTS 


Figure  2.  — Level  and  etiology  of  amputations. 


Prosthetic  Information 

How  Many  Patients  V^ore  Prostheses? 

Of  the  total  sample,  122  patients  (91  percent)  wore  their  pros- 
theses; 108  patients  wore  them  all  day  and  the  remaining  14  averaged 
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1 h to  6 h of  use  per  day. 

Two  patients  (1.5  percent)  did  not  have  definitive  prostheses 
prescribed;  one  was  a 74-year-old  diabetic  with  bilateral  above-knee 
amputations  and  one  an  above -knee  amputee  with  hemiparesis.  The 
remaining  7.5  percent  (four  bilateral  amputees  and  six  above-knee 
amputees)  had  prostheses  but  did  not  wear  them.  Five  of  these 
patients  stated  that  they  had  poor  prosthetic  fit;  two  had  sufficient 
pain  in  the  “normal”  limb  to  prevent  ambulation;  two  were  blind 
diabetics;  and  one  could  not  afford  a new  prosthesis. 

Time  Interval  Between  Surgery  and  Prosthetic  Prescription 

There  were  117  responses  to  this  question.  The  average  time 
interval  from  surgery  to  cast  and  measurements  for  definitive  pros- 
theses was  39  days,  with  a range  of  14  days  to  10  months.  The  10- 
month  interval  was  for  a hip-disarticulation  patient  whose  body 


Figure  3.— Time  interval  between  surgery  and  prosthetic  prescription.  The  length  of 
each  horizontal  bar  indicates  the  range  in  lengths-of-time  reported  by  patients  in  that 
particular  amputee  group.  The  vertical  cut  through  the  bar  indicates  the  location  on  the 
time-scale  of  the  average  patient  experience  in  that  group:  that  average  figure  is  the 
number  shown  in  the  bar.  Average  for  all  patients  repotting  was  39  days. 


Table  l .—Time  interval  Between  Surgery  and  Prosthetic  Prescription 


Range  (Days) 

Mean 

Peripherai  vascular  disease 

21  to  300 

52 

Trauma 

22  to  193 

45 

Tumor 

21  to  90 

42 

Congenital 

14  to  36 

25 

0*30  year  age  group 

14  to  193 

37 

31-55  year  age  group 

14  to  300 

55 

56-years-and-up  age  group 

21  to  180 

46 

47 
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weight  had  lluctuated  widely  due  to  kidney  failure.  (Fig.  3 and 
Table  1 .) 

Types  oj  Prostheses  Prejscribed 

In  the  below-knee  group,  one  patient  wore  a partial-foot  shoe 
Idler  and  the  five  Syme  amputees  wore  closed  S>  me  prostheses.  The 
remainder  ot  the  87-ptftient  bclow-knce  group  wore  the  following 
types  of  prostheses; 

1.  29  patients  (33.3  percent);  PTB  hard  socket,  of  which  27 
patients  had  cuff  suspension; 

2.  19  patients  (21.8  percent);  PTB  socket  with  soft  insert  and 
cuff  suspension; 

3.  13  patients  (1^.9  percent);  PTB  with  side  joints  and  lacers; 

4.  11  patients  (12.8  percent);  PTS  socket  with  soft  insert  and 
built-in  wedge,  of  which  2 had  cuff  suspension; 

5.  9 patients  (10.3  percent);  PTS  hard  socket  with  wedge 
suspension,  of  which  5 had  additional  cuff  suspension. 

Twelve  patients  (14  percent  of  the  below-knee  group)  used 
muscle  contraction  as  a means  of  auxiliary  suspension.*’ 

Twenty -nine  patients  (33.3  percent)  used  waist  belts  as  necessary 
added  suspension.  (This  group  included  approximately  33  percent 
in  each  group  of  patients  who  wore  either  a PTB  hard  socket,  PTB 
socket  with  soft  liner,  or  PTS  hard  socket  with  wedge,  and  76.9 
percent  of  those  patients  who  wore  side  joints  and  lacers.  One 
patient  used  a shoulder  harness  with  his  PTB  socket,  soft  liner,  and 
cuff  suspension  prosthesis.*^) 

Oj  the  21  above-knee  amputees,  12  patients  (75  percent)  used 
full  suction,  and  the  remainder  used  semi-suction  sockets,  (i.e., 
semi-suction  incorporates  a suction  valve  and  one  stump  sock). 
Knee  mechanisms  included  10  hydraulic,  4 mechanical,  1 pneu- 
matic, and  1 manual  knee  lock.  (All  patients  using  hydraulic  knees 
had  full  suction  suspension.)  The  mean  age  of  the  patients  wearing 
hydraulic  knees  was  31.8  yr;  mechanical  knees,  62.3  yr.  Age  of 
the  patient  wearing  a manual  knee  lock  was  68  yr  and  the  patient 
using  a pneumatic  knee,  63  yr. 

The  33  percent  of  the  patients  who  used  full  suction  required 
auxiliary  suspension,  while  50  percent  of  those  patients  with  semi- 
suction sockets  needed  additional  suspension;  i.e.,  eight  Silesian 
bandages  and  two  shoulder  harnesses. 

*’Thcse  patients  were  encouraged  by  a physical  therapist  to  use  their  muscles  by  doing  iso- 
metric  exercise. 

^-This  patient  was  a 49-year-old  male  with  a history  of  epilepsy  who  felt  he  needed  this 
type  of  suspension  as  a safety  precaution. 
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Of  the  4 hip-disarticulation  patients,  3 wore  Canadian  hip-dis- 
articulation prostheses,  and  one  wore  an  endoskeletal  system  (an 
Otto  Bock  modular  system  with  flexible  plastic  socket  and  free- 
swinging  knee). 

In  the  20-patient  bilateral  group,  all  symmetrical  amputees  were 
wearing  the  same  type  of  prosthesis  on  both  sides.  There  was  no 
majority  of  one  type  of  prosthesis  over  another:  3 patients  wore 
PTB  hard  sockets;  2 wore  PTBs  with  soft  liner;  2,  PTS  hard  sockets; 
4,  PTSs  with  soft  liner;  and  1,  PTBs  with  side  joints  and  lacers. 

Forty-six  percent  wore  waist  belts  for  auxiliary  suspension.'* 

.'\mong  the  patients  evaluated,  the  number  of  stump  socks  worn 
ranged  from  0-25  ply,  with  an  average  of  6-ply.  (The  patient  wear- 
ing 25-ply  stump  socks  was  a 42-year-old  male  who  stated  that  he 
had  lost  40  Ib  of  body  weight.  He  also  stated  that  he  was  “too 
busy”  to  visit  the  limb  company  to  be  measured  for  a new  limb.) 

Recreational  Prostheses 

Patients  were  asked  if  they  used  any  special  adaptations  or 
special  prostheses  for  recreational  activities.  While  82  patients 
(61.2  percent)  were  active  in  a variety  of  sports  (the  most  common 
were  fishing  and  swimming),  only  5 of  them  used  special  prostheses 
or  assistive  devices;  i.e.,  swim  fins  for  scuba  diving,  and  special 
outriggers  for  snow  skiing. 

Modifications  to  Prostheses 

The  question  concerning  prosthetic  modifications  done  by 
patients  themselves  yielded  several  answers.  A total  of  16  percent 
said  they  had  made  their  own  adjustments,  including  18  percent  of 
below-knees,  7 percent  of  above -knees,  and  25  percent  of  bilaterals. 
Although  patients  were  not  asked  why  they  chose  to  make  their 
own  modifications  rather  than  go  to  a prosthetic  facility,  one 
patient  did  volunteer  that  he  thought  repair  costs  w'crc  excessive. 
Modification  materials  included  foam  rubber,  felt,  carpet  fabric, 
and  paper  wedges.  Several  patients  sanded  “high  spots”  to  decrease 
irritation.  One  patient  claimed  he  reduced  the  weight  of  his  pros- 
thesis by  2 lb  but  did  not  explain  how.  Another  patient  drilled  21 
holes  in  the  socket  and  liner  for  ventilation— and  had  to  resort  to 
a waist  belt  for  auxiliary  suspension.  Several  patients  removed 
straps  which  they  considered  unnecessary. 


‘*A  bilateral  Symes  amputee  wore  two  closed  Syme  prostheses  with  removable  liners.  An 
AK-BK  amputee  was  wearing  a PTS  hard  socket  with  wedge  suspension  and  a partial 
suction  quadrilateral  socket  with  a pelvic  band  and  a mechanical  knee^unit. 
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How  Lung  Did  Prostheses  Last? 

One  hundred  and  twenty  prostheses  which  had  been  replaced  as 
worn  out  were  evaluated  to  determine  durability.  (Patients  still 
wearing  their  original  prosthesis  were  not  included.)  The  length  of 
time  ranged  from  1 month  to  12  years,  with  an  average  of  3 years. 
The  prosthesis  which  lasted  1 month  was  a PTB  with  soft  insert  and 
cuff  suspension  for  a 69-year-old  male.  The  12-year-old  prosthesis,  a 
PTB  with  side  joints  and  lacers,  had  been  worn  by  a 70-year-old 
male. 

Syme  prostheses  had  lasted  from  6 months  to  7 years  with  a 
mean  of  2.91  years;  below-knee  prostheses  from  2‘/2  ntonths  to  9 
years  with  a mean  of  2.66  years;  and  above-knee  prostheses  from  3 
months  to  4 years  with  a mean  of  1.87  years.  Standard  deviation 
for  Syme  prostheses  data  was  2.51;  for  below-knee  prostheses,  2.05; 
and  for  above-knee  prostheses,  1.17. 

When  prosthesis  durability  was  evaluated  by  age  group,  the  0-30 
age  group  had  prostheses  which  lasted  from  3 months  to  7 years 
with  a mean  of  2.07  years;  the  31-55  year  group,  from  3 months  to 
9 years  with  a mean  of  3.23  years;  and  the  56-years-and-over  group, 
from  2V2  .Tionths  to  5 years  with  a mean  of  2.13  years. 

Prosthetic  Comfort  and  Satisfaction 

Patients  were  asked  if  their  prosthesis  was  comfortable  (Table  2), 
and  25  percent  of  the  group  said  they  found  it  uncomfortable. 


Table  2,— Was  Prosthesis  Comfortable? 


Bclow-Knee 

Above-Knee 

Bilateral 

Total 

Yes 

58  (67%) 

13  (59.1%) 

9 (69.2%) 

80  (65.6%) 

No 

22  (25%) 

8 (36.4%) 

- 

30  (24.6%) 

Moderate 

7 ( 8%) 

1 ( 4.5%) 

4 (30.8%) 

12  ( 9.8%) 

87 

22 

13 

122 

Patients  were  also  asked  if  they  were  satisfied  with  the  overall 
results  achieved  from  surgery,  prosthetics,  and  physical  therapy.  Of 
131  responses,  21  patients  had  complaints  about  surgical  results, 
i.e.,  adhesions,  neuromas,  and  pain.  The  12  complaints  about  physi- 
cal therapy  concerned  only  one  point;  they  felt  they  were  not 
treated  for  an  adequate  period  of  time.  (Patients  reported  receiving 
physical  therapy  for  periods  ranging  from  “no  treatment”  to  4 mo 
with  an  average  of  6 wk.)  Thejre  were  42  complaints  about  pros- 
thetists and  prostheses.  Dissatisfaction  was  most  predominant 
among  the  above-knee  amputees  (Table  3).  One  patient  described 
wearing  his  prosthesis  as  like  “standing  in  a giant  fiberglass  teacup.” 
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Table  ^.—Prosthetic  Satisfaction 


Below-Knee 

Above-Knee 

Bilateral 

Total 

Yes 

64  (75%) 

10  (38%) 

12(67%) 

86  (66%) 

No 

20  (23%) 

16  (62%) 

6 (33%) 

42  (32%) 

Moderate 

3 ( 2%) 

- 

- 

3 ( 2%) 

87 

26 

18 

131 

Phantom  Sensation/Pain 

Several  questions  were  asiied  in  an  effort  to  determine  the  extent 
of  phantom  sensation  and/or  pain.  Twenty-four  patients  (18  per- 
cent) experienced  no  phantom  sensation,  while  17  patients  (13 
percent)  required  medication  for  control  of  pain  (Table  4).  The 
patients  who  used  pain  suppressants  constituted  13  percent  of  the 
male  population  and  13  percent  of  the  females;  11.5  percent  were 
below-knees,  18.5  percent  were  above-knees;  and  10  percent  were 
bilateral  amputees.  According  to  etiology,  17  percent  of  the  patients 
had  peripheral  vascular  disease,  6 percent  had  traumatic  injuries, 
and  27  percent  had  tumors. 


Fable  i.— Analysis  of  all  Patients  Requiring  Pain  Medication 


AGE 

Level 

Sex 

Cause 

Work 

(44)> 

52' 

BK 

M 

PVD 

Retired 

(65) 

74 

BK 

M 

PVD 

Retired 

(61) 

70 

BK 

M 

PVD 

Retired 

(48) 

53 

BK 

M 

PVD 

Unable  due  to  amp. 

(67) 

72 

BK 

M 

PVD 

Retired 

(77) 

80 

BK 

M 

PVD 

Retired 

(47) 

50 

BK 

M 

PVD 

Retired 

(38) 

40 

BK 

F 

Trauma 

Unable  due  to  amp. 

(33) 

34 

BK 

M 

Trauma 

Unable  due  to  amp. 

(68) 

71 

BK 

M 

PVD 

Yes,  but  changed 

(70) 

79 

AK 

M 

PVD 

Retired 

(60) 

67 

AK 

M 

Trauma 

Retired 

(65) 

71 

AK 

M 

Tumor 

Retired 

(61) 

63 

AK 

F 

Tumor 

Part  time  work 

(72) 

74 

AK/AK 

F 

PVD 

Retired 

(53) 

61 

HD 

M 

Tumor 

Retired 

(51; (52) 

56 

BK/AK 

F 

PVD 

Unable  due  to  amp. 

' Akc  at  time  of  amputation 
'Present  age 


When  describing  phantom  sensation,  results  were  divided  into 
two  groups,  those  patients  wearing  prostheses  and  those  not  wear- 
ing them  (Fig.  4).  Of  those  patients  wearing  prostheses,  10  percent 
required  medication,  whereas,  42  percent  of  those  not  wearing 
prostheses  used  medication  for  pain  control.  Less  than  20  percent 
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Figure  4.— Phantom  sensation  and  pain,  as  reported  by  the  122  patients  who  wore 
their  prostheses  (solid  bars),  and  by  the  12  patients  who  did  not  wear  prosthescs.  (Per- 
centages refer  to  the  distribution  of  a particular  symptom  among  the  patients  in  a group. 
Note  that  among  patients  in  the  group  wearing  prostheses,  48  percent  had  multiple 
symptoms;  in  the  group  not  wearing  prosthescs  the  percentage  with  multiple  symptoms 
was  42.) 


Kegel  et  al.:  A Survey  of  Lower-Limb  Amputees 


of  each  group  experienced  no  phantom  sensation.  Symptoms  in 
both  groups  were  very  similar— i.e.,  in  each  group,  33  percent  were 
aware  of  only  part  of  the  missing  leg;  another  33  percent  were 
aware  of  the  entire  missing  leg;  25  to  33  percent  felt  that  the 
phantom  limb  was  the  same  length  as  the  opposite  side;  and  less 
than  10  percent  considered  the  phantom  side  shorter  than  the 
“normal”  side. 

Of  the  patients  wearing  prostheses,  15  percent  actually  used 
phantom  sensation  for  ambulation. 

Psychosocial  Aspects  of  Amputation 

Steensma  (1)  stated  “The  problem  is  not  entirely  solved  by  our 
providing  adequate  surgery,  excellent  postoperative  care,  expertly 
fitted  modern  prostheses,  and  the  latest  training  techniques.  It 
would  seem  that  a careful  investigation  of  the  psychological  and 
social  factors  involved  is  essential.” 

Questions  related  to  this  premise  were  asked  of  the  patient  to 
determine  how  he  felt  about  himself  and  how  he  perceived  that 
other  people  responded  to  him. 

1.  Do  You  Feel  Handicapped? 

An  important  determining  aspect  of  an  amputee  accepting  his 
condition  is  whether  or  not  he  feels  handicapped  in  leading  a 
“normal”  life.  This  question  was  phrased  in  a “yes”  or  “no”  fashion, 
but  also  providing  space  for  explanation  (Table  5).  The  majority 
of  people  did  not  feel  handicapped. 


Table  b.—Do  Patients  Feel  Handicapped? 


Bclow-Kncc 

Above -Knee 

Bilateral 

Total 

Yes 

No 

23  (28%) 

60  (72%) 

10(38%) 

17  (62%) 

21 

12  (60%) 

8 (40%) 

20 

45 (35%) 
85  (65%) 
130 

Some  of  the  more  notable  responses  were  as  follows: 

“If  you  have  a good  prosthetic  fit,  you  can  lead  a full  and  normal 
life.” 

“1  can  adjust  and  do  anything;  pain  is  the  only  limiting  factor.” 

“I  lead  a normal  life,  but  get  frustrated  and  disgusted  with  the 
canes  and  the  pain.” 

“The  biggest  problem  of  formerly  active  amputees  is  one  of 
frustration  . . . how  to  sublimate  . . . what  now  are  my  assets  . . . 
where  should  I now  emphasize  my  efforts?” 

“You  are  only  handicapped  or  deprived  if  you  want  to  be.  The 
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public  liibcls  us  as  being  handicapped;  therefore,  we  have  to  ‘prove’ 
ourselves.” 

“My  clothing  and  physical  activities  are  markedly  restricted.” 

“.No  one  will  employ  me.” 

“Can’t  go  shopping  or  to  church.  Have  to  rely  on  the  radio  for 
church  services.” 

“Cannot  travel  freely.” 

“No  problems  with  everyday  living,  but  I have  to  hire  help  for 
anything  extra.” 

“Can’t  do  anything— no  women,  no  drinking.” 

“Feel  like  I delay  others  when  invited  on  outings.” 

“Don’t  feel  relaxed  in  crowds.” 

2.  lluw  Do  You  Feel  Family,  Friends,  and  the  Public  Respond 
To  You? 

Interpretation  of  limb  loss  transfers  from  family,  friends,  and  the 
public  to  the  amputee,  creating  either  negative  or  positive  feelings 
with  respect  to  his  own  self-concept. 

The  majority  of  patients  in  this  sample  stated  that  no  change  in 
relationships  occurred  after  amputation.  Of  those  patients  who  did 
notice  a change,  terms  most  commonly  used  were  “curiosity, 
sympathy,  overprotectiveness,  indifference,  consideration,  and 
amazement.”  Some  interesting  responses  were  as  follows; 

“They  think  1 am  better  off  now  than  before  amputation.” 

“Treated  like  an  invalid,  except  by  my  wife.” 

“Treated  like  everyone  else;just  because  crippled  is  no  reason  for 
pity.” 

“Some  people  feel  sorry  for  me— I don’t  like  that.” 

“They  have  been  wonderful.  No  one  has  made  ‘exceptions’  and 
our  relationships  have  not  changed,  rather  they  have  grown.” 

“Very  well,  they  have  given  me  confidence  so  that  I can  do 
almost  anything.” 

“Sometimes  sympathetic,  most  not  caring  or  glad  its  not  them.” 

“They  respond  to  a person.  I do  not  feel  public  owes  me  any- 
thing.” 

“Women  tend  to  mother  me;  men  feel  frustrated  and  turn  away.” 

3.  Suggestions  from  Patients 

Patients  were  asked  to  suggest  how  conditions  could  be  im- 
proved for  future  amputees.  There  were  wide-ranging  responses. 

Of  66  suggestions  received  there  were  34  requests  for  better 
comunication.  These  included  the  following:  “Rap  groups”  either 
with  staff  or  with  other  amputees;  more  parental  and  vocational 
counseling;  greater  distribution  of  written  resource  materials; 
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improved  communication  between  prosthetic  facilities  and  research 
centers;  greater  utilization  of  engineers  in  prosthetic  design;  greater 
patience  and  understanding  from  prosthetists;  and  more  home 
visits  from  physical  therapists  because  “therapists  often  have  ideas 
for  conquering  ‘everyday  garbage.’  ’’ 

Patients  felt  they  should  have  been  warned  about  the  following: 

1.  Everything  will  not  necessarily  be  wonderful  after  amputa- 
tion. 

2.  Amputation  does  not  remove  peripheral  vascular  disease. 

3.  There  are  possible  complications  from  surgery’. 

4.  They  will  endure  physical  and  mental  fatigue. 

5.  Phantom  sensation  is  normal. 

6.  The  prosthesis  will  fall  off  occasionally;  i.e.,  loss  ol  suction 
when  doing  twisting  actions. 

7.  Seating  in  restaurants  is  often  inadequate  due  to  conlined 
spaces,  chairs  without  arms,  and  restrooms  a flight  of  svairs 
away. 

8.  Not  everyone  in  society  will  view  them  fairly. 

9.  Society  will  often  label  them  handicapped. 

4.  Direction  of  Research 

Finally,  patients  were  asked  in  what  direction  they  felt  person- 
nel in  the  prosthetics  research  field  should  concentrate  their  efforts. 

A small  number  of  patients  requested  more  investigation  into  the 
disease  processes  themselves,  into  the  nature  of  phantom  pain,  and 
the  possibilities  of  limb  transplants.  Further  research  on  the  use  of 
Controlled  Environment  Treatment  was  encouraged  by  three 
patients. 

Th  ;re  were  43  patients  who  asked  for  more  research  in  the  fabri- 
cation and  design  of  prostheses;  9 patients  wanted  lightweight 
prostheses;  2 wanted  more  durability;  1,  a better  knee  mechanism; 
8 wanted  better  ankle;  4,  less  cumbersome  prosthetic  material;  and 
4^  better  cosmesis. 

Two  patients  would  have  liked  soft,  less-shiny  outer  coverings. 
One  patient  felt  “the  SACH  foot  should  become  obsolete;  when 
sitting  in  a chair,  I cannot  stretch  my  legs  out  because  the  toe  sticks 
up  in  the  air.” 

One  woman  asked  why  the  suction  valve  on  an  above-knee 
prosthesis  had  to  be  red;  “How  can  you  wear  short  dresses  with  the 
red  dot  sticking  out  like  a sore  thumb?”  A covering  on  the  pros- 
thesis to  decrease  hosiery  damage  was  another  suggestion.  Seven 
patients  wanted  “a  leg  that  breathes  in  the  summer.” 

Further  investigation  into  determining  whether  a hard  socket  or 
a socket  with  a soft  insert  is  best  was  indicated  by  four  patients. 
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Two  people  sugf>ested  teaching  patients  to  make  or  repair  their  own 
prostheses.  Several  patients  felt  there  was  a definite  need  for  price- 
control  legislation  for  prostheses. 

Regarding  water  sports,  two  patients  wanted  waterproof  legs 
for  swimming,  and  one  man  wanted  a wetsuit  that  would  fit  around 
his  prosthesis. 

Last,  but  not  least,  five  patients  wanted  research  into  bionic 
limbs. 

DISCUSSION 

Several  matters  of  major  interest  have  emerged  from  this  study. 
The  patient  sample,  although  small,  was  comparable  in  terms  of 
sex  distribution,  level  of  amputation,  and  etiology  for  amputation 
to  that  of  the  well-known  “Amputee  Census”  of  Glattly  (2).  The 
mean  age  at  time  of  surgery  for  this  sample  w'as,  however,  slightly 
lower. 

Lambert  and  Sciora  (3)  in  a survey  of  182  juvenile  amputees, 
determined  that  the  time  interval  between  surgical  amputation  and 
prosthetic  fitting  varied  from  1 month  to  1 1 years,  with  most 
patients  having  been  fitted  within  one  year.  Davies,  et  al.  (4),  in  a 
study  of  8,323  amputees  found  that  the  median  period  to  |)rosthe- 
tic  delivery  was  6 months,  and  that  the  median  time  lapse  was  5 
months  for  the  below-knce  prostheses  and  6 months  for  all  other 
levels.  Congenital  amputees  received  prostheses  in  a median  time  of 
3 months  postsurgery,  while  patients  in  the  disease  category  waited 
the  longest  period  of  time,  6 months.  The  results  presented  here 
showed  the  same  trends,  but  time  intervals  were  considerably 
reduced.  These  improvements  may  be  related  to  two  factors;  i.e., 
increased  number  of  prosthetic  facilities,  and  greater  utilization  of 
Immediate  Postsurgical  Prosthetic  Fitting  as  a mode  of  postojiera- 
tive  treatment. 

Chapman,  et  al.  (5),  in  a survey  of  51  geriatric  amputees,  found 
that  44.7  |)ercent  of  the  patients  were  never  fitted  with  a prosthesis. 
Walters  (6)  had  15  patients  (20  percent)  in  his  study  who  were 
advised  against  using  a lower-limb  prosthesis  b\  the  institutional 
staff.  In  the  present  study,  only  1 percent  of  the  patients  did  not 
receive  definitive  prostheses. 

Of  those  patients  who  did  have  prostheses  prescribed,  9 1 percent 
of  the  present  sample  were  actually  wearing  them,  as  o[)posed  to  70 
percent  reported  by  Kihii,  et  al.  (7).  Where  several  below-knee 
amputees  in  Kihn’s  studs  rejected  their  prostheses,  none  in  the 
present  study  did.  Of  the  10  patients  not  wearing  their  prostheses, 
6 had  either  jtrosthetic  problems  or  difficulties  in  meeting  costs. 
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while  4 had  other  medical  problems  not  related  to  their  amputation. 

The  only  other  survey  describing  type  of  prostheses  prescribed 
was  that  done  by  Davies,  et  al.  (4).  Below-knee  prostheses  were 
similar  for  both  studies.  A question  often  asked  in  amputee  clinics 
is  whether  or  not  to  make  a soft  liner  for  the  socket.  The  present 
study  showed  a very  slight  preference  for  hard  sockets.  Pelvic  bands 
as  a means  of  suspension  in  above-knee  prostheses  were  used  by 
56  percent  of  the  patients  in  Davies’s  study— that  was  a definite 
contrast  with  the  present  study  where  all  patients  used  either  total 
or  semi-suction  sockets,  and,  if  auxiliary  suspension  was  necessary, 
a Silesian  bandage  was  used.  The  most  frequently  used  knee  com- 
ponent reported  by  Davies  was  a mechanical  knee;  the  present 
study  revealed  a greater  utilization  of  hydraulic  mechanisms, 
probably  due  to  greater  knowledge  and  availability  of  devices. 

(inly  a very  small  percentage  of  patients  used  special  equipment 
for  recreational  activities.  Several  patients  were  not  aware  of  avail- 
able adaptive  devices.  The  extra  cost  of  ski  legs  (not  covered  by  in- 
surance) presented  a problem  to  one  patient.  Most  people  did  not 
know  that  prostheses  could  be  made  of  waterproof  material.  There 
appears  to  be  a definite  need  for  greater  dissemination  of  new'  infor- 
mation about  recreational  prostheses  both  for  patients  and  health 
care  |)rolessionals. 

.\s  a i)atient  becomes  more  dependent  on  his  prosthesis  for  pro- 
tection of  his  residual  limb  and  for  return  to  a more  normal  status, 
the  prosthesis  approaches  becoming  a part  of  him.  Thus,  it  is  very 
important  that  the  patient’s  limb  be  comfortable  and  that  he  be 
s.ttislied  with  it,  both  functionally  and  estheticaily.  Present  results 
rete.iled  that  25  percent  of  the  sample  were  extremely  uncomfort- 
abh'.  while  an  additional  10  percent  were  moderately  comfortable, 
and  53  percent  of  the  |)aticnts  were  dissatisfied  with  their  prosthesis. 
The  onl\  comparable  statistics  available  were  those  of  Lambert  and 
Sciora,  who  in  their  study  of  juvenile  amputees  reported  that  26 
upper-limb  amputees  (40  percent)  were  dissatisfied  with  their 
prostheses,  while  10  lower-limb  amputees  (8.4  percent)  were  dis- 
satisfied. The  state  of  the  art  has  improved  considerably  over  the 
years,  but  there  is  still  a delinite  need  for  more  innovations,  and  for 
concern  about  patient  comfort,  especially  for  the  above-knee 
amputee. 

In  an  analysts  by  Jolly,  as  ((noted  by  Gillis  (8),  of  2700  primary 
am|)utations,  he  lound  a (tainful  (thaniom  limb  in  13  (tercent,  a 
painless  (thantom  sensation  in  67  (tercent  and  no  [thantom  in  20 
(tercent  of  the  [tatients.  Pisetsky  (9)  made  a rather  extensive  litera- 
ture review  on  (thantorn  sensation  and  noted  that  86  (tatients  iti  his 
series  (95  (lercent)  had  (thantom  sensation  and  that  14  (tatieius  (15 
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percent)  complained  ol'  pain.  He  also  quoted  liaiK  and  .Moersch 
wliose  study  had  43  patients  (86  percent)  complaining  ot  itltantom 
sensations.  Gallinek  (10)  stated  that  he  hatl  mrt  seen  an  example 
of  a [jhantom  limb  in  a congenital  amputation  or  a congenital 
absence  of  a limb  because  the  cortical  image  of  the  missing  limb 
bad  never  been  present.  Kolind-Sorenson  (11)  stated  that  phantom 
pain  was  more  common  in  above-knee  patients  than  in  below-knee 
amputees. 

Results  in  the  present  study  showed  similar  trends  in  percentages 
of  patients  experiencing  phantom  sensation  and  pain,  as  well  as  the 
lack  of  phantom  pain  in  congenital  amputees.  In  agreement  with 
Kolind-Sorenson,  more  above -knee  than  below-knce  patients  had 
pain.  It  was  interesting  to  note  that  gender  had  no  effect  on  deter- 
mining whether  patients  required  pain  medication  or  not.  The 
information  obtained  did  support  a clinical  observation  that  pa- 
tients wearing  prostheses  have  less  phantom  pain  than  those  who 
ilo  not. 

Morgensiern  (12)  felt  that  age  was  a contributing  factor  in 
determining  whether  patients  will  have  severe  phantom  discomfort. 
In  his  study,  |tatients  under  35  years  of  age  experienced  none.  The 
youngest  patient  in  the  present  study  experiencing  severe  phantom 
discomfort  was  34  years  old,  and  the  mean  age  of  this  group  was  62 
\ears.  (The  mean  age  for  the  total  sample  was  44.6  years.) 

.Another  clinical  impression  is  that  diverting  the  patient’s  atten- 
tion to  a suitable  occupation  or  avocation  allows  for  less  time  to 
focus  on  phantom  sensations.  This  impression  was  borne  out  by  the 
present  study  , where  only  two,  of  those  patients  using  pain  suppres- 
sors, were  employed. 

Suggestions  from  patients  included  dissemination  of  information, 
better  communication  between  hospital  staff  and  patients,  and 
improved  prosthetic  design.  Several  comments  by  Fishman  (13) 
and  Foort  (14)  on  how  amputees  feel  about  amputations  are 
reiterated  in  results  shown  here. 

Surprisingly,  there  were  no  requests  for  elimination  or  improve- 
ment of  stump  socks.  There  were  also  no  complaints  about  the  use 
of  assistive  devices,  i.e.,  canes,  crutches,  etc. 

SUMMARY  AND  CONCLUSIONS 

One  hundred  and  thirty-four  amputees,  who  were  anywhere 
Irom  6 months  to  12  years  post  amputation,  were  evaluated  by 
means  of  rcstrospective  questionnaire  surveys.  Patient  population 
was  similar  to  that  of  the  classic  “Amputee  Census”  in  terms  of  sex, 
level,  and  cause  of  amputation;  average  age  was  slightly  lower  than 
that  in  most  investigations. 
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Great  improvements  appear  to  have  been  made  in  the  number  of 
patients  who  receive  prosthetic  prescription  as  well  as  in  the  length 
of  time  between  surgery  and  deliverv  of  the  prosthesis.  On  the 
average,  younger  patients  were  fitted  sooner,  while  patients  with 
peripheral  vascular  disease  required  a longer  rehabilitation  time. 

Only  a small  percentage  of  patients  rejected  their  prosthesis,  and 
most  wore  it  all  day.  Because  there  is  little  available  material  on 
special  adaptive  devices  for  the  amputee,  only  a very  small  number 
ot  patients  used  any  for  sport  activities.  While  most  amputees  were 
happy  with  results  achieved  from  surgery  and  physical  therapy, 
approximately  33  percent  of  the  patients  w'cre  dissatisfied  with 
their  prostheses,  especially  the  above-knee  amputees. 

A contributing  factor  in  determining  whether  patients  wih  exper- 
ience phantom  pain  appears  to  be  whether  or  not  they  weai  ’os- 
thesis.  In  this  small  sample,  a smaller  percentage  of  patients  who 
wore  a prosthesis  had  pain  than  those  who  did  not  wear  a limb.  Of 
the  patients  who  used  pain  medication,  a greater  number  were  not 
working.  Older  patients  had  more  severe  phantom  pain. 

Reactions  and  psychological  adjustments  to  amputation  were 
highly  varied.  Most  patients  stated  that  they  did  not  feel  handi- 
capped. 

There  were  strong  indications  for  more  psychological  and  voca- 
tional counseling,  greater  dissemination  of  available  information, 
and  considerably  more  work  in  prosthetic  design;  i.e.,  improvement 
of  function,  cosmesis,  and  comfort.  Interest  in  bionic  limbs  and 
limb  transplants  was  suggested  by  several  patients. 

While  a greater  number  of  amputees  appear  to  be  receiving 
prostheses  rapidly  than  in  the  past,  there  are  still  many  uncomfort- 
able and  dissatisfied  patients.  Perhaps  now  is  the  time  to  let  the 
patient  verbalize  his  complaints  and  to  have  the  professionals 
attempt  to  remedy  them.  Much  attention  in  the  past  has  been 
directed  at  making  limbs  so  that  patients  can  walk.  Obviously  this  is 
not  the  only  activity  an  amputee  performs  during  the  day.  Educa- 
tion may  now  need  to  be  directed  at  facilitating  more  extensive 
recreational  activities,  either  by  research  into  better  prostheses,  or 
by  improved  training  methods. 

From  the  results  of  this  study,  wearing  a limb  for  control  of  pain 
alone  may  be  indicated.  More  extensive  studies  need  to  be  done 
comparing  pain  in  patients  wearing  or  not  wearing  prostheses. 
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ABSTRACT 

Mauch  Laboratories’  Cognodictor  reading  machine  for  the  blind 
has  been  redesigned  to  meet  much  higher  standards  of  performance. 
Consequently,  the  new  High  Performance  Cognodictor  should  sat- 
isfy the  needs  and  expectations  of  a larger  proportion  of  the  veteran 
and  non-veteran  blind  population. 

Earlier  Cognodictor  designs  had  low  cost  as  the  dominant  design 
criterion. 

Significant  progress  has  been  made  in  the  development  of  hard- 
ware and  software  for  the  new  Cognodictor.  A hand-held  probe  has 
been  designed,  built,  and  tested.  Circuits  which  preprocess  the  video 
signal  from  the  probe,  and  circuits  which  interface  the  probe  with 
a PDP  ll  minicomputer,  have  been  built  and  placed  in  operation, 
lest  and  video  display  programs  have  been  written  and  debugged. 
Routines  in  the  recognition  software  which  detect  word  spaces,  lo- 
cate character  boundaries,  and  measure  height  and  width  of  a char- 
acter have  been  written  and  tested.  .More  specific  routines  for  the 
letters  o,  c,  e,  a,  s,  and  t are  being  written  and  debugged. 

It  is  planned  to  have  the  construction  of  a Cognodictor  proto- 
type parallel  the  completion  of  the  software,  using  LSl-11  micro- 
computer hardware  for  character  recognition,  and  8080  microcom- 
puter hardware  with  a Votrax  synthesizer  (which  has  been  in  oper- 
ation at  Mauch  Laboratories)  for  speech  production. 


INTRODUCTION 

The  blind  members  of  our  society  generally  have  low  incomes 
and  reading  machines  for  the  blind  might  be  described  as  partial 
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lejrlaccmcnls  krr  rcl.uivcls  iiicxircnsivc  syslcins  ul  prim  access 
sucli  as  talkin.;  bouks,  braille,  and  \uluiueer  readers.  In  ihe  past, 
.\l,inch  L,dn)ralories  considered  low  cirsl  as  one  ol  the  most  iin[)or- 
tanl  design  criteria  lor  both  ilirect-translation  and  recoatiition- 
t\pe  reading;  machines. 

li.irlier  tlesirtns  ol  .M.iuch  l.,ibor,itories  were  considered  (piite  sne- 
cessliil  in  pros  itliny  a yood  le\el  ol  iterlormance  at  low  cost.  Kor  ex- 
,nnple.  the  .Stereotoner,  pricetl  at  SI, 250. 00,  is  h,dr  the  cost  ol  the 
Battelle  Ojttophone  and  less  than  one-h,ill  the  cost  ol  an  Optactm 
iles|)ite  the  much  higher  production  lesel  ol  the  latter.  .Maximum 
reading  rates  ol  about  80-90  words  |)er  minute  have  been  re|)orted 
lor  both  the  Optacon  and  the  Stereotoner,  and  average  rates  are 
comp.irable. 

L'tili/ing  only  130  low-cost  integrated  circuits,  the  first  Cogno- 
dictor  (troduced  spelled  speech  lor  all  the  lowercase  letters  and 
most  of  the  uppercase  letters  of  about  nine  common  stv  les  of  type. 
Cionsidering  its  projected  cost  o!  about  S4,000  in  small  ([uantilies, 
its  perlormance/cirsl  ratio  was  considered  excellent  lor  its  time. 

I he  1 \\ o-l)imensiv)n,il  .Multiple  .Snapshot  Ciognodit  tor  extended 
the  tolerance  for  mistracking  by  a factor  of  live  and  was  designed 
using  19  tv  pe  styles.  Its  output  was  to  be  sitelled  siteech  at  rates  up 
to  80-90  wpm  (words  per  minute).  Its  cost  was  projected  at  S6,000. 
Before  it  could  be  completed,  it  became  a|)p,irent  that  performance 
expectations  had  increased  substantially  and  that  cost  was  there- 
fore much  less  a factor— at  least,  for  the  federal  agencies  and  foun- 
dations which  usuallv  purchase  and  ev.duate  the  first  models  of 
such  devices.  .-Kccordingly,  a new  Cognodictor  design  was  started 
in  .-\pril  1976. 

PROGRESS  IN  COGNODICTOR  DEVELOPMENT 
New  Cognodictor  Design 

In  .\pril  1976,  the  sponsor  approved  changes  suggested  bv  .Mauch 
laboratories  intended  to  lead  to  a reading  machine  with  much 
higher  performance  one  which  would  have  an  error  rate  of  less 
than  one  percent  in  letters  and  numerals  of  a wider  varietv  ttf  tv  pe 
styles.  This  High  Performance  Cognodictor  was  to  have  a synthetic 
speech  output,  with  spelled  speech  or  direct  translation  (tone  code) 
outputs  also  available  at  the  press  of  a button.  The  design  called 
for  two  components— a high-resolution  optical  probe  designed  for 
hand-held  use,  and  a control  box  containing  two  microcomputers 
and  a Votrax  vocal  synthesizer.  Initially  the  control  box  was  ex- 
pected to  be  about  2'4  ft^  in  volume  and  weigh  30-35  lb.  The 
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t^u^nudiclor’s  cost  (in  ScpUiiibtr  1977)  is  cslimaud  .U  about 
S12,UUU  each  ill  a (luaiuity  ol  10.  1 he  prii  i-.  :>i/.c,  and  wi-iyht  can 
.dl  be  e\|)ected  to  tlecrease  substantially  uitli  the  rapid  progress 
a[)[)arent  in  electronics  technology.  .Additional  cost  reduction 
should  be  possible  with  increasin'^  production. 

I he  designers  believe  that  the  coiiihinatioii  ol  the  hand-held 
jirobe  ol  the  Cognodictor  and  its  direct  translation  output  mode 
will  combine  to  allow  the  user  to  understand  the  lormat  ol  his 
document  and  decipher  unusual  ssmbols.  In  this  mode,  tonal  or 
tactile  patterns  which  correspond  rlosely  witli  the  print  will  be 
produced.  Hie  sertical  span  covered  bv  these  [latterns  can  be  set 
by  a user-operated  magiiilication  control,  so  that  one  line  ol  print 
can  be  sensed  at  a time.  I he  additioiud  inlormation  conv  eyed  in 
this  mode  would  be  dillicult  or  impossible  to  obtain  Irom  an  auto- 
matic page-scanning  machine  without  a direct  translation  capabil- 
ity. 

The  Fairchild  CC1)-121  photocell  array  in  the  probe  is  designed 
to  scan  a band  1 Ir  in  hiv;h,  thus  providing  a tracking  tolerance  of 
±.675  in  lor  typewriter-si/-e  print.  I'his  amount  of’  tracking  toler- 
ance should  make  freehand  tracking  very  fast  and  easy,  eliminating 
the  need  f or  tracking  aids  in  most  cases.  An  automatic  [lage-scanner, 
lor  use  vv  ith  long  maga/ine  articles  and  books,  could  be  made  av  ail- 
able in  the  future. 

The  new  Cognodictor  design  goals  include  a wider  range  of  char- 
acters (including  italics  and  numerals)  over  a wider  range  ol  tyj>e 
styles.  I he  number  <d  photocells  used  (~1500  from  an  array  of 
1728)  permits  lioth  a large  field  of  view  and  high  resolution,  which 
should  yiekl  reliable  detection  of  lines  as  fine  as  .003  in  (found  in 
some  common  tvpe  fonts  such  as  Caslon,  Baskerville,  Primer,  etc.), 
even  in  the  presence  of  interference  from  print  on  the  other  side.  It 
can  also  allow  adjustment  for  type  size  to  be  an  automatic,  elec- 
tronic operation.  (,\  manual  override  would  be  provided  for  use  in 
direct  translation  mode  when  needed.)  I'he  photocells  are  sampled 
each  time  the  probe  moves  .003  in  horizontally  as  determined  by  an 
optical  encoding  disk  which  contacts  a roller. 

The  design  provides  for  automatic  adjacent-line  suppression 
based  on  information  obtained  by  the  photocells  above  and  below 
the  line  being  read.  A similar  process  will  be  used  for  the  automatic 
suppression  of  underlinings.  This  adjaccnt-linc  suppression  can  be 
overridden  by  a control  on  the  main  bo.\,  for  the  rendition  (in  the 
direct  translation  mode)  of  mathematical  formulae,  geometric  fig- 
ures, etc.,  covering  more  than  one  line-space. 

Italics  will  not  necessitate  slanting  the  probe  but  will  be  auto- 
matically accommodated  by  the  Cognodictor.  The  computer  in  the 
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CnL;ii(j(iicUJi  will  .ilsij  Ijc  used  lu  dccitlc  whcihcr  tin-  prim  is  ivjrc- 
writuii  (ctiiudK  spaced)  which  will  taciliialc  word  separation  (look 
lor  the  middle  ol  a letter  hjcatioii,  il  it  is  white  it  must  he  a word 
sitace)  or  not  tspewritten  in  which  case  word  and  letter  s|)aces  are 
still icientK  dillerent  to  a\oid  amhi“uilies  in  discos erim;  word 
spaces,  louchim;  letters  will  initiate  a suhroutine  to  separate  and 
reco”ni/.e  them. 

It  is  intcniled  to  have  the  Cot;notlictor's  direct  translation  mode 
initialK  Use  10  tones,  as  in  the  Slereotoner,  hut  monaural.  1 he 
tones  will  he  initiated  h\  pressim;  a button  on  the  probe.  L.iter.  an 
accessors  t.ictilc  tlisplay  couk!  be  deseloped,  possible  one  sshich 
embosses  a reusable  plastic  sheet  or  stri[). 

1 lie  usual  output,  ssnthetic  speech,  ssill  be  produced  bs  asocal 
ss  nthesi/.er  such  as  tiie  \'otr,i\  unit.  Its  output  r.ite  ssill  be  adjust- 
vible  up  to  15(1  ssords  per  minute.  .\n  additional  computer  ])rus;r,im 
ss  ill  .liloss  the  ss  nthesi/.er  to  [trcnluce  spelled  speech  at  up  to  about 
40  sspm.  1 he  basic  |)itch  ol  the  soice  ssould  be  adjustable  by  the 
user  to  his  prelcrencc;  changes  abuse  and  belosv  the  basic  pitch  are 
machine-controlled. 

1 he  design  calls  lor  the  sitcaking  of  a ssord  to  begin  as  soon  as 
possible  alter  the  detection  of  a ssord-s|)ace.  to  eliminate  delays 
sshich  ssould  be  present  it  the  program  ssere  to  lecjuire  the  user  to 
scan  to  the  end  ol  the  line  or  to  the  end  of  the  sentence.  Kor  this 
reason,  and  to  keep  the  tize  and  cost  of  the  machine  ssithin  reason, 
it  is  not  intended  to  use  syntactical  analysis  and  stress  assignments 
in  the  Cognodictor  at  the  start.  Punctuation  marks  will  be  recog- 
nized and  their  names  pronounced  only  when  the  spelled  speech 
mode  is  used. 

Probe  Design 

f rom  previous  exposure  to  the  optical  probes  or  cameras  of  di- 
rect translation  reading  aids  such  as  the  Stereotoner  or  the  Optacon, 
one  might  assume  that  a comparable  probe  would  meet  the  letter 
recognition  needs  of  the  High  Performance  Cognodictor  being  de- 
veloped. Actually,  the  Cognodictor  requires  a probe  with  much 
greater  capability.  The  greater  accuracy  and  higher  reading  rates  of 
the  Cognodictor  require  a faster  photocell  arra\  with  more  resolu- 
tion than  slower  direct-translation  devices  re(|uire  or  can  utilize. 
And,  at  higher  scanning  speeds,  the  user  cannot  track  as  accurately, 
so  the  vertical  extent  of  the  array  must  be  increased.  Therefore, 
the  new  probe  (Fig.  1)  has  many  more  |thotocells  (1728  as  com- 
pared to  144  in  the  Optacon),  the  field  of  view  is  greater  (1.5  inches 
as  compared  to  .750  in  the  Slereotoner  and  .225  in  the  Optacon), 
and  the  speed  of  response  of  the  photocells  is  much  faster  (0.5  ms 
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as  t uiiipai'fd  to  5.0  nis  tor  llu'  Oplacoii).  I ho  protjc  also  t'oiil.uiis  an 
optii  al  iiKoilcr  not  I I'c) iiirid  in  tin-  SlficoloiKT  or  tin-  Oplamn 
uliiili  inloriiis  llu-  Cainnodlt  lor  ol  the  disiaiifi-'  and  diui  lion  ol 
I'ai  li  hoi  i/onlal  motion. 

il  nn-^lil  .tlso  appCiir  lhal  usim^  a ii.ind-hcld  proln*  simjililifs  the 
(■o'anorlit  tor  dcsis;n  as  coinp.ucd  with  nsimt  an  aiiloinalii  pa"i.-- 
scanner  mechanism.  .AclmdU  . the  Coftnoiliclor/pioire  combination 


FIOURK  1.  The  larse  field  of  view  (1.5  in  hiRh)  and  long  high-friction  rollers  of  the 
Cognodictor  probe  make  freehand  scanning  of  print  easier  than  ever. 
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is  more  ilillicult  to  dfsi,i;ii.  Some  of  the  reasons  for  this  are  i^iveii 
ill  the  lollovvin;^  eomiJarisoiis  hetweeii  possible  (Jesii;iis  lor  probes 
and  pajte  scanners. 

The  illumination  ol  the  probe  is  limited  to  below  about  2 \\’  by 
the  problems  ol  disposing  of  waste  heat,  whereas  the  Jiage  scanner 
can  use  20-50  W or  more.  In  the  page  scanner  uniform  illumination 
can  be  achieved  easil)  b\-  diffusion  and/or  by  moving  the  lamps 
several  inches  from  the  print;  the  probe  must  use  efficient  retlec- 
tors  in  a limited  space. 

The  space  available  in  a page  scanner  allows  the  use  of  an  off-the- 
shell  lens  designed  lor  making  close-up  photogra|jhs  with  a 35  mm 
camera.  The  high  level  of  illumination  present  allows  the  use  of  a 
sm,ill-aperture  setting,  and  filters  to  remove  infrared  wavelengths, 
lor  a sh;u  per  image  on  the  ithotocells.  The  space  is  also  adetjuatc  t(j 
mount  the  |)hotocell  array  directly  to  the  circuit  board  that  proc- 
esses the  signal,  thus  avoiding  the  electrical  effects  of  a cable  at  a 
criticaJ  |)oint. 

Ihe  hardware  and  software  designed  for  use  with  a probe  must 
Ije  able  to  handle  a wide  range  of  scanning  speeds,  while  the  |)age 
scanner  may  only  have  to  function  at  one  speed.  Tor  example, 
sujtpose  both  machines  are  to  produce  150  wpm  of  synthetic 
sijcech  and  both  are  to  scan  typewTitten  pages  with  10  characters 
per  inch.  To  achieve  this  net  rate,  the  probe  user  is  expected  to  scan 
the  t\  pical  6-in  line  left-to-right  in  about  2 s,  flyback  and  change  to 
the  next  line  in  the  next  2 s.  This  retjuires  that  he  scan  in  the  for- 
ward direction  at  300  wpm  or  about  3 ijts  (inches  per  second). 
.\ctually,  he  cannot  hold  this  or  any  other  speed  with  [trccision,  so 
the  probe  system  should  be  designed  for  operation  u|)  to  6 ips. 
by  comitarison,  the  page  scanner  could  scan  and  recognize  in  both 
directions  at  2 ips  and  still  produce  150  w|)m  with  a 30  itercent 
allowance  for  line  change. 

The  designer  of  the  jtage  scanner  also  can  be  certain  that  each 
scan  will  be  along  a straight  line  with  a preselected  slope,  so  few 
])hotocells  have  to  be  allocated  for  possible  mistracking,  and  the 
rec(ignition  program  can  be  less  complex  than  one  which  has  to 
search  over  a larger  area  for  a character  feature. 

.\lthough  these  factors,  among  others,  make  the  page-reader 
easier  to  design  and  build  than  the  hand-held  probe,  the  presence 
of  an  unlimited  number  of  print  formats  among  the  materials  the 
blind  wish  to  read  makes  the  probe  concept  worthwhile.  It  is  ex- 
pected that,  after  some  training,  the  probe  user  will  be  readily  able 
to  scan  new  formats  in  reading  matter,  to  locate  short  items  in 
reference  or  text  books,  and  to  make  sense  of  unusual  indicia  which 
are  not  recognized  correctly  bv  the  machine. 
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riic  CogiiiKliclur  will  have  a pa^c-scaiiiicr  as  an  accessory,  hut 
with  its  hardvv.ire  and  software  desittned  to  meet  the  more  striuaeiu 
needs  ol  a |)rohe,  adding  a scanner  should  he  relativeK  simple. 
Then,  Cognodiclor  users  will  have  the  advantages  of  both  systems. 

Probe  Construction 

.\n  optical  encoder,  which  [trovides  forward/reverse  signals  and 
clock  pulses  lor  each  .003  iit  the  probe  rolls  horizontally,  has  been 
designed  and  built.  1 lie  success  of  the  probe  is  very  dependent  u|)on 
the  accurate  anti  reliable  ojteration  tjf  the  encoder.  1 hree  months  of 
continuous  o[)erati(jn  were  used  to  test  the  durability  of  the  encod- 
er and  associated  circuitry. 

Inside  the  encoder,  a rotating  transparent  tlisk  with  135  etjual 
oi)ac(ue  sectors  interru[)ts  two  beams  of  infrared  light  from  two 
light-emitting  diodes  to  two  phototransistors.  Ihe  interruptions 
produce  stjuare  wave  signals  from  the  phototransistors  which  are 
etjual  except  for  being  separated  by  a time  displacement  of  one- 
(|uarter  ol  the  wave  [teriod  (90  deg).  A circuit  detects  which  wave  is 
leading  the  other  in  time  and  thus  determines  the  direction  of  travel 
of  the  probe.  Short  pulses  are  produced  by  each  edge  of  each  wave- 
form to  mark  the  passage  of  each  increment  of  .003  in. 

The  probe  uses  a rellex  optical  system  with  a 45  deg  front  sur- 
face mirror,  a 20  mm  focal  length  lens  (later  to  be  18  mm)  and  a 
Fairchild  CCD-121  photocell  array.  Ihe  magnilication  produced 
is  0.5X,  a reduction  of  2 to  1.  In  addition  to  the  optical  encoder 
and  associated  circuits,  the  probe  contains  two  miniature  switches 
and  a circuit  board  containing  an  amplifier  and  several  circuits 
needed  to  operate  the  photocell  array.  A flat  cable  about  1 in  wide 
Contains  20  wires  which  connect  the  probe  to  the  Cognotiictor  cir- 
cuitry. The  overall  dimensions  of  the  probe  are  5 X 0.8  X 1.7  in. 

Preprocessing  and  Interface  Circuits 

T'o  provide  ample  tolerance  for  mistracking  (±.675  in  for  type- 
writer size)  and  a 5:1  range  of  acceptable  print  sizes,  the  Cogno- 
dictor  probe  has  a field  of  view  of  1.5  in.  About  1,500  photocells 
sense  this  space  so  the  vertical  resolution  is  nearly  as  much  as  the 
lens  (|ualit>'  will  allow.  Horizontal  resolution  is  about  333  samples/ 
inch. 

The  preprocessing  circuits  utilize  two  numbers  (a  tracking  num- 
ber and  a lumping  number)  produced  by  either  the  user  or  the  com- 
puter to  determine  which  photocells  arc  over  the  desired  line  and  to 
combine  samples  from  these  cells  to  yield  a standard  height  for  the 
electronic  letter  image  transmitted  to  the  computer.  The  horizontal 
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suiii[)lcs  arc  comhincil  in  llic  same  |)ro|)orli()n  (i^ivcn  by  the  lum[)ing 
number)  as  the  veriical  samples  (plioiocells)  i<j  yield  a widlb  which 
is  appropriate  lor  the  letter  height.  When  the  combining  process  has 
been  completed,  the  interlace  circuits  interrupt  the  computer  and 
the  computer  accepts  lour  16-bit  vvortls  (64  bits  vshich  comprise 
one  column  ol  points  in  its  internal  letter  image).  These  preproc- 
essing and  interlace  circuits  were  assembled  on  two  plug-in  circuit 
boards  each  Wi  X 6*/2  in.  They  use  47  integrated  circuits  ol  the  low 
power  Schottky  TTL  family. 

Cognodictor  Software  Development 

During  July  1976,  a systems  analyst.  Dr.  Chung  C.  Lee,  began 
writing  and  testing  conijiuter  routines  which  will  eventually  be  com- 
bined into  a large  program  which  simulates  almost  all  of  the  Cogno- 
dictor’s  functions.  When  sufficiendy  perfected,  this  program  will 
form  the  basis  for  the  Cognodictor  software.  Also,  in  juK  , a test 
input-output  routine  was  written.  In  August,  the  development  of  a 
video  display  irrogram  was  started.  This  display  program  causes  the 
cathode  ray  tube  to  display  the  contents  of  the  in|nu  buffer  area  of 
the  computer’s  memory  consisting  of  1,024  words,  of  16  bits  each, 
which  form  images  of  the  last  10-12  characters  scanned  by  the 
probe.  (Before  the  two  interface  boards  between  the  photocell  de- 
velopment board  and  the  PDP-11  computer  were  operating,  this 
buffer  area  contained  synthetically  produced  letter  shapes  which 
were  entered  by  hand.)  The  program  also  draws  five  horizontal  lines 
delineating  the  boundaries  between  the  four  16-bit  words  which 
comprise  each  column  of  points  in  the  display. 

The  display  routine,  an  initialization  routine  and  an  interface 
input  routine  were  completed  and  debugged  during  September 
and  October.  Test  signals  were  pro\ided  by  the  [thotocell  array 
which  scanned  print  attached  to  a constantly  rotating  drum.  The 
interface  circuits  were  operating  except  for  the  substitution  of  a 
lixed  fretiuency  clock  pulse  for  the  optical  encoder  signal. 

In  November  1976,  three  computer  routines  were  written.  The 
first  one  locates  the  left-hand  and  right-hand  edges  of  the  next  char- 
acter to  be  recognized  and  also  yields  a measure  of  its  width.  The 
second  routine  then  locates  the  ujtper  and  lower  edges  and  deter- 
mines character  height.  Considering  the  rectangle  whose  sides  coin- 
cide with  these  four  edges  as  the  character  space,  the  third  routine 
checks  each  inside  corner  of  that  space  for  black.  The  results  of 
checking  four  corners  yield  16  combinations  of  results. 

During  December  1976,  the  recognition  routines  which  had  been 
written  to  date  were  tested,  using  the  hand-held  probe  to  scan  sev- 
eral hundred  lowercase  letters.  The  printout  produced  indicated 
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that  lilt-  routines  operated  as  intended.  In  January  1977  the  next 
jtrouj)  ol  routines  was  completed.  These  routines  will  detect  a verti- 
cal or  nearly  vertical  straight  line  near  the  lelt  or  near  the  right 
edge  ol  the  character  and  will  measure  the  length  ol  each  such  line 
tound.  During  February  1977,  a number  ol  routines  needed  lor 
specilic  tests  in  the  recognition  of  lower  case  o,  c,  e,  a,  s,  and  i were 
developed. 

FUTURE  WORK 

Prototype  Construction 

Still  to  be  assembled  are  the  two  circuit  boards  needed  lor  the 
speech  synthesis  portion  of  the  prototype.  It  appears  that  the 
printed  circuit  board  which  was  designed  to  hold  16  programmable 
read-only  memory  circuits  (PROMs)  for  the  previous  Cognodictor 
can  be  used  lor  the  PROMs  which  will  contain  the  s|teech  synthesis 
program.  A new  circuit  board  will  be  needed  for  the  8080  micro- 
processor, read-write  memory,  input-output  ports,  and  associated 
circuits.  Perhaps  a suitable  board  can  be  purchased;  if  not,  design- 
ing one  should  not  be  difficult. 

Ur.  Scott  Allen  at  NHl  has  been  writing  a new  version  of  the 
speech  synthesis  program  we  have  been  using.  II  the  new  version  is 
available  it  can  be  loaded  into  the  PROMs:  if  not,  the  older  pro- 
gram can  be  used  until  a better  one  is  available;  at  that  time,  the 
PROMs  can  be  erased  and  reprogramed.  The  compact  speech  syn- 
thesis system  consists  of  two  circuit  boards  (each  6.5  in  X 4 5 in) 
and  a Votrax  VS-6  (11.5  X 11.5  X 3 in). 

It  will  be  necessary  to  purchase  the  LSI-11  components  for  the 
recognition  portion  of  the  prototype.  Thus  far,  a readymade  plug- 
compatible  PROM  board  for  the  LSI- 11  has  not  been  found  and  it 
may  be  necessary  to  prepare  artwork  and  have  a local  circuit  board 
manufacturer  make  several  such  boards  (existing  commercial  PROM 
boards  use  fusible  link  PROMs  which  cannot  be  reused). 

Software  Development 

The  design  of  the  optical  probe,  and  the  choice  of  an  LSI-l  1 
microcomputer  lor  the  recognition  portion  of  the  Cognodictor, 
provide  a basis  for  performance  which  will  be  determined  mainly 
by  software.  At  present,  the  software  capabilities  arc  limited  mainly 
by  the  time  and  manpower  available  for  its  design. 

The  first  version  of  the  recognition  routines  includes  only  the 
basic  routines  for  recognizing  uppercase  and  lowercase  letters 
(excluding  italics).  Punctuation  and  numeral  recognition  arc  to  be 
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atlclcil  in  Version  2.  Scjraration  ol  loutiiint;  cliaraclcrs  would  be  a 
main  realure  ol  \’ersion  3.  Automatic  line-lollowino  and  automatic 
adjustment  ol  type  size  are  probable  additions  to  Versitjn  4.  Later 
versions  can  add  routines  lor  recoj^nition  of  italic  louts,  and  rou- 
tines which  ojterate  an  automatic  |)ai;e-scanner.  Lach  version  should 
,iJso  contain  modilicalions  which  improve  earlier  routines,  as  user 
experience  revexJs  the  neetl  lor  such  improvements. 

Prototype  Evaluation 

It  is  expected  that  .Mr.  Harvey  Lauer  at  Iktspital,  Hines, 
Illinois,  will  be  the  lirst  outside  user  ol  the  Hi>;h  Performance 
Cttgnodictor  prototype.  .Mr.  Lauer  is  already  skilled  in  probe 
manipulation  and  in  using  the  aural  direct-translation  output  code. 
It  is  hoped  that  previously  unskilled  potential  users  of  the  Cogno- 
dictor,  such  as  veterans  being  rehabilitated  at  Hines,  will  receive 
exposure  to  the  Cognodictor  and  some  training  in  its  use  and  that 
the  feedback  from  these  individuals  will  be  available  to  the  design- 
ers. .\fter  about  8 months  the  prototyjre  could  be  moved  to  another 
situation  (such  as  a business  office,  school,  or  home)  for  additional 
testing. 

Other  Developments 

When  the  effort  retjuired  to  maintain  and  improve  the  Cogno- 
dictor software  and  hardware  diminishes,  work  ccjuld  begin  on  the 
design  of  an  automatic  page  scanner  accessory.  Both  the  basic  de- 
sign of  the  device  and  its  interface  with  the  operator  require  thor- 
ough study.  Lor  example,  the  operator  controls  might  be  either  a 
specialized  keyboard  with  keys  for  different  functions,  or  a stand- 
ard full  keyboard  as  on  a typewriter  (with  single  letters  or  mnemon- 
ic combinations  of  letters  as  the  control  codes)  or  a “joystick”  con- 
troller with  a few  auxiliary  pushbuttons  and  controls. 

Perhaps  the  choice  should  be  inlluenced  by  possible  future  exten- 
sions of  the  Cognodictor’s  capabilities.  Some  of  these  possibilities 
arc: 

1. With  the  standard  keyboard  and  additional  software  the 
Cognodictor  could  become  a talking  intelligent  remote  terminal 
for  a bigger  computer,  or  it  could  be  a stand-alone  minicomputer 
if  a mass  storage  device  such  as  a floppy  disk  unit  is  added. 

2.  With  the  above  peripherals  and  a hard  copy  output  such  as 
a Selectric  printer,  the  performance  of  a magnetic  card  typewriter 
could  be  duplicated.  Other  input-output  combinations  arc  possible, 

I utilizing  braille  line  printers,  paper  tape  readers,  or  telephone  line 

connections. 
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3.  The  speech  generation  compr)nents  (8080  fnicrocomputer 
and  Votrax)  could  be  used  separately  as  part  ol  a I'eletyire  replace- 
ment lor  blind  programers  or  workers  such  as  resersation  clerks, 
who  interact  with  a computer. 

In  conclusion,  it  may  be  a waste  ol  an  expensive  prosthetic  appli- 
ance to  utilize  the  power  ol  the  microcomputers  and  the  voice  syn- 
thesizer in  the  Cognodictor  only  for  reading- if  other  functions  can 
be  added  as  options  at  reasonable  costs.  This  jtossibihty  should  be 
studied  in  detail. 


1 
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ABSTRACT 

This  pa|)er  presents  a technical  overview  ol  the  dillerent  subsys- 
tems ol'  the  Kurzweil  Readinjt  Machine— the  nature  of  the  intorina- 
tion  processed  by  each  subsystem  and  the  type  of  translormations 
performed.  A description  ol  how  the  user  directs  the  macliine  is 
provided.  Tlie  Veterans  .Administratiem’s  testing;  |)ro_nram,  as  well  as 
those  of  the  Bureau  of  Education  for  the  I landicapjted,  the  Re- 
habilitatit)!!  Services  .Administration,  and  tlie  National  Federation 
of  the  Blind,  are  outlined. 

Preliminary  tests  of  the  machine  with  bliml  secondary  school 
students  have  focused  on  the  intelliii;ibility  ol  the  syntlietic  speech 
output,  and  the  results  of  these  tests  are  presented. 

INTRODUCTION 

The  Kurzweil  Reading  .Machine  cemverts  [rrint  to  speech,  and  is 
designed  as  a reading  prosthetic  aid  lor  the  blind  and  visually  handi- 
capped. Ihe  system  handles  ordinary  printed  material- books, 
letters,  reports,  menurranda,  etc.,  in  most  common  styles  and  sizes 
of  type,  rile  output  produccil  is  a synthetic  voice  using  lull-word 
English  spe<-ch. 

I'he  user  operates  the  device  by  placing  printed  material  lace 
down  on  the  glass  plate  which  forms  the  top  surface  ol  the  scanning 
unit;  he  then  presses  the  ‘‘Page”  button  on  the  control  panel,  and 
listens  to  the  synthetic  speech  produced  as  an  electronic  camera 
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stalls  llu’  l>at;i'  aiul  ti.iiisiiiits  its  iina,;f  to  a miiiitonipiiltr  luuistti 
uilliin  till'  (li'titf  ( 1 it;s.  1,  li,  and  3).  llu-  ti)in|)nU'r  st'])aiatts  tin- 
iina.;t'  inln  tlisiitlf  tliai.itlii  lonns,  itto"iii/.ts  llit  k tltis,  ^rouiis 
tiu'  li'llfis  niU)  words,  tom|)UUs  llic  [iroiunu union  ol  cacli  woid, 
.iiul  dK'ii  piodntt's  llif  sjiffth  sounils  assotialcd  with  tath  [liio- 
lunif. 

1 Ilf  niatliiiif  opfialfs  al  normal  spfftli  rales,  aljoul  150  words 
per  niinulf. 


Figure  l.  KumwcU  Kcadinn  Machine  for  the  Blind.  On  the  desk  are  the  loudspeaker 
and  the  user's  control  panel,  and  to  the  rit;ht  the  Klass-topped  scanner  which  has  been 
placed  on  top  of  the  electronic  unit. 


THE  SUBSYSTEMS 


The  Scanner 

Tlic  first  subsystem  tif  interest  is  the  seamier.  .\  liioli-eonirast 
electronic  imauc  of  the  pane  to  lie  read  is  nt'iierated  by  the  scanner, 
which  includes  a linear  photosensor  array  al  the  focal  plane  of  a 


73 


Bulletin  of  Prosthetics  Research— Spring  1977 


t IGURt  2.-  Adjusting  a book  for  reading  on  the  Kurzweil  Reading  Machine. 


I'lGURK  3.  User  operating  controls  to  read  a book  mounted  on  the  Kur/weil  Reading 
Machine  scanner. 
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camera  mounted  on  an  X-V  mover.  Hie  text  |iai;e  is  placed  lace- 
dowii  on  a glass  plate  above  the  X-Y  mover,  which  moves  the  cam- 
era in  a [ilane  parallel  to  the  plane  ol  the  text.  1 he  photosensor 
array  is  perpendicular  to  the  direction  ol  text  lines;  thus,  a single 
scan  across  a page  results  in  an  electronic  image  cowring  a strip  of 
the  page  which  includes  several  text  lines. 

Immediately  after  the  user  presses  the  “Page"  button,  the  scan- 
ner moves  to  the  limit  of  its  travel  in  the  direction  ol  tiu-  top  of  the 
page,  and  begins  to  search  for  the  first  text  line.  When  the  first  line 
is  found,  the  camera  tracks  that  line  and  moves  autoin,itic.ill\  down 
to  the  following  lines,  tracking  each  in  turn.  Scanner  efficiency  is 
maximized  by  scanning  left-to-right  and  also  right-to-left;  material 
scanned  right-to-left  is  reversed  by  the  computer  belore  the  output 
stage. 

^ Character  Recognition 

I Scanner  output,  which  can  be  imagined  as  a simple  two-dimen- 

‘ sion;d  matrix  of  black  and  white  points,  is  processed  b\  the  charac- 

ter recognition  system,  beginning  with  the  isolation  of  each  contigu- 
ous area  of  [irint  in  the  page  image.  Kach  contiguous  print  area  is 
presumed  to  be  a sitigle  character,  with  the  exception  ol  certain  spe- 
1 ci;d  cases  reriuiring  additional  processing;  e.g.,  touching  or  Irag- 

metued  chanictcrs,  anti  (lot.s  ussociuted  with  pmticul.ir  characters. 
! bach  individual  character  is  analyzed  by  a set  of  leature  extraction 

I routines.  Ihe  features,  or  properties,  extracted  arc  those  that  have 

been  found  to  be  relatively  invariant  for  the  same  character  with  re- 
I spect  to  the  kinds  of  changes  that  occur  across  diflerent  ty|)estyles. 

Ihese  properties  are  basically  geometric-line  segments,  concavities, 
loo[)s,  loop  extensions,  and  the  positional  relationships  among  these 
elements.  POr  example,  the  properties  of  a standard  capital  “A” 
include  a single  loop  and  a single  south-facing  concavity.  Once  the 
properties  have  been  extracted,  they  are  compared  to  stored  lists 
describing  each  character  in  the  identification  set.  (Kxam])les  of 
characters  outside  the  identification  set,  that  is,  characters  not  ])res- 
ently  identified,  include  various  speci;d  mathematical  symbols,  and 
non-Latin  iilphabets.) 

I’he  output  of  this  process  is  usually  a final  identification,  al- 
though it  is  occasionally  an  ambiguity  code  indicating  one  of  several 
possible  final  identifications  biised  on  contextual  cues.  In  this  case, 
the  final  identification  is  made  by  a s]K'cial  module  (called  the  “dis- 
ambiguator”)  which  analyzes  positional  and  other  contextiuil  cues 
to  “disambiguate”  the  output  of  the  shape  recognizer.  An  example 
is  a single  vertical  bar.  The  shape  recognizer  output  will  indicate 
that  this  shape  is  the  lower-case  letter  “i”  if  there  exists  a dot  above 
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the  character,  or  the  lower-case  letter  “1”  if  there  exists  no  dot  and 
the  character  is  in  a letter  context,  or  the  number  “one”  if  there 
exists  no  dot  and  the  character  is  in  a number  context.  (A  charac- 
ter is  in  “number  context”  generally  if  it  is  adjacent  to  a number.) 

The  final  step  in  character  recognition  is  text  line  formation— 
, that  is,  the  collation  of  individual  characters  into  words  and  punc- 

tuation to  be  analyzed  by  the  speech  generation  system. 

Speech  Generation 

‘ The  primary  function  of  the  speech  generation  system  is  to  dcter- 

I mine  the  proper  pronunciation  of  each  word;  i.e.,  grapheme  strings 

are  converted  to  phoneme  strings.  This  is  accomplished  by  a set  of 
over  1,000  phonetic  rules  supplemented  by  a dictionary  of  excep- 
tional cases.  First,  prefixes  and  suffixes  are  stripped  off  by  algo- 
' rithms  which  reconstruct  the  root— for  example,  “Rating”  is  con- 

verted to  “rate”-“ing.”  The  exception  dictionary  is  checked  for  the 
1 resulting  root,  and  if  the  root  has  been  entered  into  the  dictionary, 

the  dictionary  phonemes  are  used.  Otherwise,  the  root  is  passed  to 
the  phonetic  rules  module.  Whether  the  rules  module  or  the  excep- 
tion dictionary  is  used,  the  prefix  and  suffix,  if  any,  are  looked  up 
in  a special  affix  dictionary  and  properly  appended  to  the  root 
^ phoneme  string. 

I Stress  marks,  which  are  modifiers  tied  to  each  phoneme  in  the 

form  of  relative  pitch  and  volume  parameters,  are  also  generated 
by  the  exception  dictionary  and  the  phonetic  rules  for  intra-word 
stress-assignment.  A stress  contour  over  each  sentence,  for  improved 
' prosody,  is  computed  by  a set  of  primitive  syntactical  rules  that 

look  primarily  for  certain  lexical  cues  indicating  cutoff  phrase 
boundaries.  These  rules  range  from  the  very  simple ; 

If  a word  ends  in  a question  mark  or  exclamation  point, 
stress  it.  (This  generally  gives  the  appropriate  stress  pattern 
to  questions  and  exclamatory  sentences.) 


lo  me  moie  compic 


Relative  pronouns  are  soesseu  n m 
not  a relative  pronoun  (“that  which  is 


tressed  if  the  /jrecedmg  word  was 

.1 .l:-u 


Rules  of  the  second  type  utilize  an  internal  dictionary  of  syntactic 
types,  entirely  distinct  from  the  phonetic  exception  dictionary. 

The  final  step  in  speech  generation  is  a conversion  of  the  pho- 
neme string  into  the  speech  waveform.  This  operation  is  performed 
by  a hardware  synthesizer,  which  is  essentially  a set  of  variable 
electronic  filters  designed  to  model  the  human  vocal  tract.  Synthe- 
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sizer  ijul))ul  is  aiii|)liiic(l  anil  transmitted  to  a speaker  and  die  nia- 
eliine  "talks.” 

User  Controls 

lor  everyone,  sii^hted  or  blinil,  reading  is  properli  an  aetive  ralli- 
er  than  passive  process;  one  re-reads  interesting;  or  dilTienil  passages, 
pauses  at  unfamiliar  words,  skims  tfie  pa;>e  to  liiul  material  of  (lar- 
tieular  interest,  and  so  on.  I'lie  Kurzweil  Readiii”  Mat  liine  .illows 
its  user  to  interact  actively  with  the  text  he  is  reading  via  the  user 
controls,  which  are  a set  ol  keyhoard-mounted  buttons.  When  the 
"Pa;^e”  button  is  pressed,  the  scanner  automatically  linds  the  first 
line  ol  text  on  the  page  and  begins  reading,  continuing  down  the 
page  until  the  “Pause”  button  is  pressed,  at  which  |)oint  the  scanner 
(and  the  sjieecli  output)  is  halted.  When  “Resume  Scan”  is  pressed, 
output  is  resumed  at  tlie  current  scanning  |)osition. 

.Mter  “Pause”  is  pressed,  and  until  “Page”  or  “Res.ume  Scan”  is 
pressed,  the  machine  is  in  “])ause  mode.”  While  in  pause  mode,  the 
user  may  utilize  buttons  to  manipulate  the  reading  machine  in  sev- 
eral ways.  He  may  read  a single  line  or  a single  word,  repeating  as 
often  as  he  wishes,  and  he  may  move  forward  through  the  text  in 
line  or  word  increments;  he  may  have  words  spelled  out  rather  than 
normally  pronounced. 

If  llie  user  [tresses  “Set  .Mark,”  the  computer  will  note  the  cur- 
rent scanner  position;  if  at  a later  time  lie  presses  “Clo  To  .Mark”  the 
scanner  will  return  to  the  “Set  .Mark”  position.  I'sing  a keyed  nu- 
meric input  in  conjunction  with  the  mark  facility  allows  the  user  to 
mark,  and  return  to,  several  different  positions. 

This  is  only  an  overview  of  the  control  options  available  to  the 
user;  our  keyboard  presently  includes  30  buttons.  The  physical  con- 
figuration, however,  is  designed  to  allow  the  novice  user  easy  access 
to  the  five  or  ten  buttons  most  important  to  his  reading.  Still,  the 
favorite  button  of  many  inexperienced  users  will  probably  be  the 
“Nominator”  key;  if  that  key  is  pressed  immediately  preceding  the 
pressing  of  any  other  key,  the  machine  will  not  perfonn  the  com- 
mand associated  with  the  second  key,  but  rather  will  tell  the  user  its 
function  (by  speaking  the  name  of  the  key). 

ANTI-OBSOLESCENCE  STRATEGY 

An  important  design  goal  was  to  produce  a high-performance 
(rapid,  easy  to  use)  reading  machine  for  the  blind  which  woidd  not 
become  obsolete.  With  continuing  rapid  advances  in  digital  com- 
ponent fabrication  techniques,  the  problem  of  a design  becoming 
obsolete  by  the  time  it  is  completed  is  a serious  one.  I herefore,  we 
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liaM-  impli-im'iiK-il  any  inroiniati()n-han(llini;|  process  likely  to 
ilian”i-,  in  sollwarc.  Ihc  soli  ware  eiui  and  will  he  nnrdilied  o\er 
linie  as  the  sysleni  eoiuinues  lo  he  shaken  down,  and  as  lui  llu  r im- 
provements are  implemented.  Software  changes,  as  they  are  de\el- 
opetl,  can  he  distrihuted  lo  units  in  the  field  in  the  form  of  software 
upilaie  tapes,  which  can  he  loaded  into  each  reading  machine  using 
the  digital  cassette  tape  drive  provided  with  each  unit.  In  this  way, 
even  the  lirst  set  ol  reading  machines  will  he  able  to  take  advantage 
of  im[)rovements  such  as  the  deselopment  of  other  languages.  Spe- 
cial character  sets  (mathematical  symhols,  for  example)  can  also  he 
introduced  lo  units  in  the  field  using  special  cassette  tapes,  again 
without  recuiring  hardware  modification. 

.A  final  atKanlage  is  that  for  future  production  runs  we  can  take 
advantage  of  more  efliciiiit  com])onents  new  microCil’L  ”s,  new 
memory  ihips  as  they  are  introtluced.  without  having  to  reilesign 
the  heart  of  our  technologv  , witich  is  primarilv  in  software. 


HISTORY  AND  CURRENT  STATUS 

The  project  hegtin  a])proNim;itely  10  years  ago.  .After  ap|)roxi- 
mately  5 years  of  fetisihility  study,  algorithm  simulation,  com- 
ponent review,  ;ind  (rther  preliminary  steps,  Kur/.well  Ciomputer 
Products  was  organized  to  implement  a fully  working  model. 
■Ahout  I'/i  years  ago  (Pall  197.5),  the  first  system  capable  of  scan- 
ning a printed  page  in  multiple  ty[)e  styles  and  converting  it  to 
comprehensible  full-word  speech  was  cttmpleted.  The  current  system 
is  now  the  fifth  version  of  the  Print-to-Speech  system. 

Pile  tnachine  was  demonstrated  last  summer  (197(3)  at  the 
national  convention  of  the  National  Federation  of  the  Blind  in 
I.os  Angeles,  at  the  national  convention  of  the  Blinded  X’eterans 
Association  in  Philadelphia,  tuid  more  recently  in  Washington  at 
the  Bureau  of  Fducation  for  the  Handicapped  and  before  the 
Senate  Subcommittee  for  the  Handicapped. 

While  the  initial  development  of  the  reading  machine  has  been 
completed,  further  improvements  are  possible.  Reatling  is  a com- 
plex activity.  Print  s[)ecifications  differ  significantly  among  printed 
documents,  varying  in  the  style  and  size  of  type,  the  grade  of  paper 
and  ink,  the  cjuality  of  printing,  and  the  page  format.  T he  purpose 
of  reading  may  also  vary,  ranging  from  skimming  to  intensive  study. 
F.xtensive  user  experietices  in  the  field  will  enable  us  to  optimize 
the  machine’s  ability  to  handle  the  largest  ])ossihle  diversity  of 
reading  situations. 

T'o  guide  this  continuing  refinement,  feedback  is  currently  being 
collected  under  severtil  programs  from  those  who  will  he  affected 
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by  the  machine;  hliiid  i hildi  eii  ami  adults,  teachers,  and  rehalrilila- 
tion  prolession.iJs. 

Veterans  Administration  Program 

riie  V'eterans  Administration  Program  will  test  the  reading  ma- 
chine with  blinded  veterans,  and  will  seek  to  improve  the  device 
based  on  the  reading  needs  of  this  population,  .-kn  initial  placement 
will  he  made  at  the  Central  Rehabilitation  Section  for  V'isualK  Im- 
paired and  Blinded  X’eterans,  at  \’.-\ll,  Hines,  Illinois. 

lire  National  Blinded  Veterans  .Association  has  endorsed  the 
\'.-\’s  purchase  ol  the  machine  and  its  clinicid  evaluation.  Jerry 
•Monroe,  the  B\'.\  national  president,  has  been  particularly  helpful 
in  providing  guidance,  enthusiasm,  and  insightful  user  input  for  the 
project. 

The  short-range  gotd  rrf  the  work  at  Hines  is  to  evaluate  the  use- 
fulness of  the  machine  in  its  present  state  for  purchase  by  the  V.-\ 
for  the  various  blind  centers  as  a teaching  and  experimenttJ  tool. 
The  long-range  goal  is  to  establish  the  ultimate  usefulness  of  the 
machine  at  its  eventual  market  price,  for  blind  and  visually-impaired 
persons.  The  first  step  in  this  prtrject  will  be  an  e.xamination  of  the 
performance  and  functioning  of  the  machine  by  Harvey  Lauer  and 
others.  Then  the  following  areas  will  be  explored; 

1 . Interaction  with  the  world  of  print— the  percentage  of  char- 
acter-recognition accuracy  as  a function  of  type  style,  page  format, 
and  printing  quality. 

2.  1 he  control  interface— the  machine’s  provision  for  interaction 
with  the  user  will  be  examined,  and  the  aptitude  and  training  re- 
quirements will  be  described. 

3.  The  output  interface— the  intelligibility  rate  of  the  synthe- 
sized speech  output  as  a function  of  character-recognition  accuracy 
rates,  pronunciation  error  rates,  pace  of  output,  intelligence  of  user, 
length  of  user  experience  with  the  machine,  etc.,  will  be  described. 
Ihe  ultimate  effect  of  these  variables  on  reading  and  comprehen- 
sion rates  will  be  described. 

4.  Finally,  the  Kurzweil  machine  will  be  compared  with  other 
modes  of  reading -braille,  recordings,  sighted  readers,  otlier  reading 
devices.  The  machine’s  applicability  to  the  needs  of  blinded  vet- 
erans will  be  tested,  and  the  V.-\’s  30  years  of  pioneering  experience 
in  the  development  and  ev:iluation  of  reading  machines  for  the 
blind  will  be  utilized  in  this  effort  to  apply  new  technology  to  the 
needs  of  blind  people. 

Other  Federal  Programs 

The  machine  is  also  being  evaluated  under  a program  with  the 
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Di'p.u  uiu'iu  1)1  llcidlh,  hikualion,  and  Wrllaif  (lllAV)  wliiili  in- 
c kidcs  icNls  sponsDii'd  l)\'  lln'  Ikircau  ol  laku  atinii  lor  llic  llaiuli- 
cappi'd  (Bill)  and  ihc  Rckabiliuition  Si-itici's  Adminislialion 
(RSA),  both  in  that  diparlnuni. 

riif  Bill  program  is  rotiisinst  on  ibc  nsi-  ol  tin  rcadini;  inai  bine 
in  I’dinational  situations,  partic  idarK  with  st  hool-.im'  blind  i bil- 
difn.  Data  ari’  buint;  colkitcd  loiuainini;  tin-  usf  ol  tin-  niaibinc, 
ami  tlu'  inauhiiH-  will  bn  impioMil  on  thn  basis  ol  this  kcdbai  k 
li'oin  l)liiul  cliildri'ii,  ihcif  paiciils,  and  liuir  Icaibi'is.  1 he  liist 
])latnitii'nt  tindci'  the  Bl.ll  prottiain  was  in.idn  in  ikn  kill  ol  IkTu, 
at  the  I’ni'kins  St  hool  IDi  llu'  Blind  in  W ali  rtow ii.  Massanhusetts. 

rin-  RSA  |)rogiam  will  I'oi  us  on  tin-  tisc  of  tlin  rcadint;  ni.n  him- 
by  blind  adtilts  in  \ ocation.il  sittiations  and  will  protidf  Ini'dbai  k 
IVoni  l)lind  constum-rs  and  icbabilitation  s|)i'tialists.  llu-  lirst  RSA 
placeim-nt  will  be  made  shortly  at  the  West  \’irginia  Rehabilitation 
Clenter.  Additional  placements  will  then  he  made  .it  Arkansas  lailei- 
prises  lor  the  Blind,  and  the  Iowa  (lommission  lor  the  Blind. 

NFB  Participation  in  Development 

In  addition  to  the  1- ederal  etaltuition  pi  oitrams,  .i  eoinpi  ehen- 
sive  human  engineerinst  eonstimer-hased  stitiK  ol  the  re.idimt  ma- 
ehine  has  been  organi/a-d  in  collaboration  with  the  . Nation. il  l ed- 
eration  of  the  Blind. 

The  National  1-eder.ition  of  tlu-  Blind  is  the  largest  organi/ation 
of  blind  people  and  has  for  the  last  d years  aiKised  the  company 
on  the  development  of  the  machine.  .\s  part  of  the  current  sttidx , 
the  Federation  is  placing  six  reading  machines  in  a \ariety  of  user 
sittiations- in  the  office  of  a blind  exectilice,  a kiwyer,  an  engineer 
or  scientist,  in  a rehabilitation  center,  .md  so  on.  On  the  basis  of 
this  experience  and  suggestions  that  restilt  from  use  of  the  machine, 
the  Federatiirn  will  provide  guidance  on  w.iys  in  which  the  m.ichine 
can  be  made  more  responsive  to  the  needs  of  blind  re.iders  through 
such  things  as  additional  user  controls  and  improwd  physical  con- 
figuration. 

The  program  has  been  designed,  and  is  being  imjtlemented  and 
directed,  by  the  .N'FB’s  own  scientists  and  engineers. 

The  funds  for  this  program,  incorirorating  a new  eoneept  of  con- 
sumer involvement  in  the  design  process,  have  been  contrilnited  by 
five  major  foundations  across  the  country.  Initial  testing  of  the 
reading  machine  by  .Michael  B.  llingson  of  the  NFB’s  staff  began 
several  months  ago  in  Boston. 

VVe  believe  it  is  imirortant  for  designers  and  eonstimers  to  intolve 
each  other  in  this  kind  of  intensive  way,  and  thus  increase  the  rele- 
vance and  cjtiality  of  new  technologv’  for  the  disabled. 
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Preliminary  Tests  on  Secondary  School  Children 

III  the  preliminary  tests  ol  the  machine  CDiidueted  under  tlie 
Bid  I and  RSA  programs,  seven  secondary  school  students  whose 
only  disahility  was  visual  im()airment  and  who  were  id  normal  in- 
telligence, were  subjects  lor  this  initi,il  study.  1 he  stiuK  was  striii- 
lured  .IS  a comparison  ol  the  subjects’  perlormances  in  decoding 
(understanding  single  words  in  isolation)  and  comprehending  (under- 
st.mding  paragraph-length  material)  the  reailing  machine’s  synthetic 
speech . 

I'he  Durrell  Listening-Reading  .Series,  .\dvanced  Level  (for 
grades  7-9)  was  selected  as  the  test  instrument.  Lour  sets  of  word- 
lists  and  paragraiih-length  [lassages,  each  of  ecpial  level  of  difficults  , 
interest  v.Jue,  and  representativeness  of  \ocabulary  sample  were 
presented  to  each  student  as  lollows:  (i)  test  using  human  speech; 
(ii)  test  using  synthesized  speech— subjects  had  no  previous  e.\- 
posure  to  synthetic  speech;  (iii)  test  using  synthesized  speech  after 
moderate  practice;  and  (iv)  test  using  synthesized  speech  after  more 
extensile  practice. 

Due  to  limitations,  no  student  received  more  than  3 hours  total 
exposure  to  the  synthetic  siieech  before  testing  ended.  Brielly,  the 
results  of  the  tests  were  as  follows  (using  the  mean  scores  for  the 
subjects) : 

rhe  hi<^kcst  scores  were  obtained  using  natural  human  speech 
9.83  lor  word  repetition  and  12.00  on  paragraph  comprehension; 

The  loicest  scores  were  obtained  upon  first  exposure  to  the  syn- 
thetic speech  4.83  for  word  repetition  and  9.50  on  paragraph 
comprehension; 

The  scores  for  final  tests  using  synthesized  speech  were  most  en- 
couraging-9.37  lor  word  repetition  and  11.17  on  paragraph  mean- 
ing. 

(liven  the  limited  sam|)le  size,  there  is  no  statisticidly  significant 
dilference  between  th.e  human  speech  scores  and  the  final  synthetic 
speech  scores.  Later  studies  will  utilize  larger  and  more  diierse  pop- 
ulation samples,  as  well  as  more  extensive  test  material,  but  the  re- 
sults obtained  from  this  preliminary  study  agree  with  the  experi- 
ence of  nearly  everyone  who  has  practiced  with  the  reading  ma- 
chine it  IS  not  difficult  to  comprehend  the  synthetic  speech  after 
only  a few  hours  of  exposure. 
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INTRODUCTION 

The  history  ol  electronic  travel  aids  (ETAs)  lor  blind  travelers  is 
not  lengthy,  particularly  the  period  of  commercial  a\ailahility. 
However,  during  these  lew  years  there  have  been  many  modifica- 
tions to  the  aids  and  to  methods  of  instructing  potential  users.  The 
C-5  Laser  Cane  has  replaced  the  C-4  Laser  Cane  and  the  Sonieguide 
is  today’s  name  for  the  Binaural  Sensory  .\id,  while  the  training  of 
Orientation  anti  Mobility  Specialists  has  been  refined  and  systema- 
tized with  university-based  ET.\  programs.  Training  methixls  have 
been  improved  as  a result  of  these  programs  and  the  accumulatitm 
of  experience  and  research  in  the  use  of  the  devices.  Yet  there  re- 
main many  areas  in  which  a paucity  of  accessible  information 
exists. 

For  example,  given  the  variety  of  E'l'.\s  and  the  many  ifotential 
users,  how  does  one  match  an  aid  with  an  individual?  What  factors 
should  be  considered?  How  is  an  aid  integrated  (or  not  integrated) 
into  a user’s  lifestyle?  In  general  these  iiuestions  ha\e  not  been 
answered  because  the  primary  focus  of  effort  has  been  r)n  develop- 
ing useable  aids  and  delivery  of  those  aids  to  potential  users  with 
little  emphasis  on  the  longer-term  consequences. 

Since  1971  the  Western  Blind  Rehabilitation  Genter  (WBRG)  has 
piu'ticipated  in  delivery  t)f  ET.\s  to  selected  veterans.  During  this 
time  26  veterans  have  been  trained  with,  and  issued,  either  a Laser 
Gane  or  Sonieguide,  and  a much  larger  number  have  been  evaluated 
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for  the  aids.^  By  early  1976  the  paucity  of  inrortiiaiiou  on  the  out- 
come ol  issuance  of  KTAs  to  veterans  had  tome  to  be  recotitii/ed 
as  a severe  limitation  to  contiitued  process  isi  the  development  of 
an  effective  K'l'A  program.  This  inabilitv  to  itrovide  staff  members 
with  feedback  on  the  consccjuences  of  their  clinical  training  jjro- 
grarn  imposed  the  following  critical  limitations; 

1.  Without  feedback  information,  validations  ol  current  training 
practices  could  not  be  made. 

2.  W'itliout  feedback  information,  the  likelihood  tliat  a given 
training  program  will  expand  into  new  and  proniising  areas  of  en- 
deavor is  reduced. 

3.  Without  feedback  information,  the  enthusiasm  and  lorcelul- 
ness  of  training  personnel  will  wane,  and  this  will  eventuallv  limit 
the  efficacy  of  the  training  itself. 

These  conseciucnces  were  recognized  by  the  Western  Blind  Re- 
habilitation Center,  and  the  method  described  here  lor  providing 
leedback  from  trained  ET.\  user  to  instructor  vvas  initiated.  The 
authors  hope  that  this  is  only  the  first  of  a series  of  information- 
gathering  studies.  This  paper  presents  the  results  of  only  the  initial 
effort  the  preliminary  nature  of  this  report  is  emphasized. 

METHOD 

Subjects 

Of  the  26  veterans  who  had  been  trained  with  an  K'T.\  ,it  the 
WBKC  by  the  time  of  this  study,  18  were  included  in  the  data 
analysis.  The  remaining  8 individuals  were  not  included  because 
3 ol  theiti  had  moved  to  a different  geographical  area  and  the  5 
others  were  known  not  to  use  the  E T.\  issued  to  them.^  Of  the 

^Kvalualion  was  primarily  in  terms  of  the  individual’s  physical,  menial,  and  psychological 
ability  to  use  one  of  the  aids,  and  the  apparent  strength  of  motivation.  Obviously  if  the 
kind  of  data  discussed  in  the  preceding  paragraph  were  available,  the  evaluation  process 
could  be  improved. 

^V'eterans  known  at  the  outset  of  the  study  to  have  discontinued  their  use  of  the  aid  were 
not  included  as  followup  Study  subjects.  However,  during  the  study's  direct  observation 
phase  it  became  apparent  that  10  of  the  18  subjects  had  also  cither  discontinued  use  of 
the  aid  or  no  Jongcr  used  it  as  intended.  This  fact  should  be  borne  in  mind  when  con- 
sidering data  based  on  the  original  group  of  subjects.  Where  it  seemed  appropriate,  the 
authors  provide  data  drawn  only  from  the  8 subjects  found  to  be  still  effectively  using 
their  aids  at  the  time  of  the  study. 

U should  also  be  noted  here  that,  for  some  subjects,  their  aid  had  apparently  fulfilled 
important  rehabilitative  functions  while  they  were  achieving  independent  mobility,  after 
which  these  users  no  longer  felt  a need  for  the  equipment.  With  this  later  insight  it  be- 
comes apparent  that  the  Preliminary  Followup  Study  proved  more  fruitful  than  might 
have  been  the  case  had  the  authors  been  able  to  identify  and  exclude  at  the  outset  that 
majority  of  their  subjects  who  turned  out  to  be  discontinued  users  of  the  aids. 
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18  suljjccts  scli'clfd  12  had  rcti'i\ cd  the  Sonici^uide  and  (i  had  n- 
cci\ed  the  Laser  Lane.  While  these  two  aroups  are  hardix  inatehed 
samples  they  are  in  manx  respeets  similar.  The  mean  a^e  ol  tin- 
Sonieauide  t;roup  xxas  48.2  x ears  xersns  1(1.2  x e.irs  lot  the  l..isei 
L;me  aronj).  1 he  mean  educational  lexcds  (delined  simplx  as  ninn- 
her  ol  years  ol  lorm.d  edne.ition)  were  .dso  simil.ir  with  the-  .Sonie 
aroup  haxina  a me. in  of  LL7  years  xersiis  1.5.0  lor  the  1 .isei  Lane 
aroup.  .Mean  number  of  years  iilind  was  15.2  for  the  Sonic  afonp 
and  15.1  years  lor  the  Laser  Lane  aroiip. 

rite  mean  len”th  ol  time  the  .Sonieaiiide  itsers  had  had  their  aid 
xxas  2.8  years  (ranae  = I to  4 years),  while  the  mean  for  the  Laser 
Lane  users  xxas  8.5  years  (r.inae  = 2 to  5 xears).  .Ml  users  reported 
iraxelina  incle|)enclentlx  on  ,i  clailx  basis,  althouah  not  alwaxs  with 
an  L I .\  . 

.Ml  subjects  had  receixed  1.1. \ trainina  at  the  Western  lilind  Re- 
habilitation Cienter.  I’rior  Orientation  and  Mobility  1 rainina  had  oc  - 
curred either  at  one  ol  the  three  \'.\  Blind  Reh.ihilitation  Lc'iiteix 
or  an  outside  tiaency.  (Outside  aacmeies  had  proxidc-ci  ORM  tr.iinina 
lor  about  one  out  ol  lour  ol  the  subjects.)  In  all  c.ises,  il  rcmecli.d 
work  on  mobilitx  skills  was  needed  hx  a subject  [irior  to  1.1  A tiain- 
in, a,  the  additional  trainina  had  been  proxided  .it  the  W BRL. 

Phone,  then  Visit 

lniti.il  cont.ict  xxas  m.ide  with  each  subject  bx  telephone.  1 he 
interx  iexver  lirst  e\pl.iined  the  stticlx  to  the  xeter.in  .ind  .isked  him 
to  p.irticip.ite.  I'hen  the  interxiewer  asked  .i  number  of  ijuestions 
about  [trior  mobility  tr.iinina,  use  of  the  .del,  and  the  inclix idu.il’s 
traxel  [t.itterns  on  the  cl.iy  immedi.itely  [trior  to  the  tele[)lione  call. 
In  tltis  xxay  infitrmation  tli.it  would  be  useftil  for  the  on-site  xisit 
xvas  olitained.  .Ml  xeter.ins  re.iched  by  [ihone  e\|iressed  interest  and 
xvere  williii”  to  [t.irlici|)ate. 

On-site  visits  in  the  xeter.ins'  homes  were  m.ide  xxithin  .i  fexx 
xveeks  itl  tiie  initi.il  tele[iiume  eont.ict  ity  one  of  tlie  .uuhors  (Nancx 
Darling).  1 he  xisits  seixeil  to  [iroxide  ohjectixe,  com[t.ir.ible  in- 
lorm.ition  aliout  the  xeterans’  moliilitx'  and  L l'.\  skills.  In  [t.irticul.ir 
the  on-site  xisits  [troxided  a means  of  oltserxing  and  assessing  the 
xeterans’  moliility  skills  xvithin  the  .ictu.il  home  enx ironments.  In 
each  case,  direct  ohserxations  xvere  made  in  an  area  immedi.itelx 
surretunding  the  veteran’s  residence,  and  xvhere  a[tpro[triate,  obser- 
vations xvere  also  conducted  at  the  veteran’s  place  of  em[)loyment . 
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FINDINGS 

Travel  Patterns 

All  subjects  had  slated  that  tliey  traveled  “iiule|)eiideiulv.”  How- 
ever, observations  indicated  wide  variation  in  what  constituted  in- 
dependent travel.  Two  subjects,  for  example,  appeared  to  have 
travel  patterns  dependent  upon  other  persons  (as  in  a car-pool) 
rather  than  relying  only  upon  their  own  travel  skills.  Others  ap- 
peared to  have  travel  patterns  solely  dependent  upon  their  own 
travel  skills.  .Ml  subjects  appeared  t<j  be  capable  of  reiving  upon 
themselves,  if'  rec|uired  to  in  travel  situatittns,  by  emploving  a long 
cane,  an  K'l'.\,  or  a dog  guide. 

The  majority  ol  both  groups  (7  of  the  11  Sonieguide  subjects 
respotuling  to  the  t|ueslion  and  3 of  5 Laser  Cane  subjects  re- 
sponding) indicated  their  amount  of  travel  had  increased  since 
receiving  Ivl'.X  training.  The  remainder  indicated  their  amount  of 
travel  was  about  the  same.  .None  indicated  a decreased  amount  of 
travel. 

1 able  1 presents  the  data  on  the  kinds  of  areas  the  subjects  re- 
ported traveling  in,  while  Table  2 presents  the  subjects’  reasons 
lor  traveling.  Ten  in  the  Sonieguide  group  and  6 in  the  Laser 
Cane  group  responded  to  these  ciuestions.  .Mthough  the  total 
number  of  subjects  is  small,  the  data  may  provide  a useful  hint  of 
several  differences  between  the  two  groups:  it  suggests  that  Laser 
Cane  users  are  more  likely  to  use  their  ET'.\  ind(H)rs  than  are 
.Sonieguide  users,  while  the  latter  are  more  likely  tv)  report  using 
the  LT.\  in  residential  and/or  urban  areas. 

T he  Sonieguide  users  appeared  to  be  more  likely  to  begin  travel- 
ing in  new  areas  than  did  members  of  the  Laser  Cane  grouj).  Some 
in  the  Sonieguide  group  also  reportevl  fatigue  or  distraction  while 
none  in  the  Laser  Cane  group  did. 


LvBLE  1 —Areas  Reported  Traveled  m by  10  Soyxieffuide  C'sers  and  6 Laser  Cane  I 'sers^ 


Area 

Sonieguide  ] 

Laser 

Cane 

Number 

Percent  1 

Number 

Percent 

Residential 

8 

80% 

3 

50% 

Light  business 

6 

60% 

3 

50% 

Urban 

5 

50% 

1 

17% 

Public  transportation 

5 

50% 

3 

50% 

Indoor 

3 

30% 

4 

67% 

Other  (School  campus,  home  yard) 

3 

30% 

1 

17% 

Rural 

1 

10% 

1 

17% 

*Only  five  veterans  actually  used  their  Sonicijuides  and  three  actually  used  their  l.aser 
Canes  at  the  time  they  answered  this  inquiry. 
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IaBI.K  2 Kfasoiis  Kcf)i>rtcil  for  Iravi-lini;  by  lU  Soniatuidf  I'sen  and  (>  Laitrl.ane  I 'strs‘‘ 


Reu$on 

Sonicjfuidt* 

] Laser  Lane 

Num  her 

Percent 

Number 

Percent 

Kxcrcisc 

6 

60% 

3 

50“/o 

Job/School 

5 

50% 

4 

67% 

Errands 

5 

50% 

3 

50% 

Other 

7 

70% 

3 

50% 

^)!ily  five  veterans  aetually  used  their  Suniesuities  and  three  actually  used  their  Laser 
Canes  at  the  time  they  answered  this  inquiry  . 


Family  Opinion  of  ETA 

During  tlic  rollowu})  visit  I'amily  incinlicrs  were  asketl  to  describe 
their  opinions  ol  the  K l A by  placing  it  witltin  a category  ot  posi- 
tive, iiulil'lerent.  or  negative.  Kainily  members  ol'  Sonieguide  users 
usuallv  rated  tlteir  feelings  as  positive  (7  to  9 responding)  with  one 
indifferent  and  tme  negative.  Only  I of  4 responding  family  mem- 
bers of  Laser  Cane  users  stated  a positive  opinion,  while  2 were  in- 
different and  1 was  negative.  These  responses  may  be  the  result  ol 
factors  independent  of  the  L'T.A,  such  as  perceived  need  to  defend 
the  user.  One  comment  made  by  some  family  members  to  justify 
their  negative  feelings  was  that  the  LT.-\  made  the  user  “too  in- 
dependent.” 

Mechanical  Functioning 

Of  1 1 responding  Sonieguide  users  4 re|)orted  having  had  me- 
chanical problems  with  their  aid,  while  all  Laser  Cane  users  re- 
ported some  malfunction.  (.Mechanical  problems  were  defined  as 
repairs  being  necessary  for  proper  LT.V  functionings.)  lo  assess 
the  relative  rate  of  malfunctions  over  time,  the  total  number  of 
months  all  aids  had  been  in  the  hands  of  the  subjects  was  divided 
by  the  total  number  of  malfunctions  reported.  From  this  calcula- 
tion the  malfunction  rate  for  the  Sonieguide  appears  to  be  once 
per  5-year  period,  and  lor  the  Laser  Cane  about  once  per  6-month 
pcritKl. 

Use  of  the  ETA  Observed 

.S' on ici’uidc  S u b jecls 

During  observations  of  the  LT.\  users  it  appeared  that  only  5 of 
the  Sonieguide  subjects  were  using  the  aid  effectively  (e.g.,  respond- 
ing to  its  signals).  The  remaining  7 individuals  had  either  returned 
their  aid  to  the  V'eterans  .Administration,  or  did  not  demonstrate  an 
ability  to  use  the  aid,  whieh  probably  indicated  a lack  of  practice 
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(and  liencc  a disuse  of  the  aid).  Of  those  who  had  returned  tlie 
Sonieguide,  several  noted  that  the  aid  had  been  effective  but  be- 
cause of  a cltant;e  in  location  or  lifestyle  the  aid  was  no  loiuier  use- 
fid  to  them,  for  example,  a travel  area  was  no  longer  one  in  which 
use  of  the  aid  seemed  appropriate  or  helpful. 

l.usi  r (.'line  Subjects 

Of  the  G Laser  Oane  users  observed,  it  appeared  that  only  .3  were 
using  the  aid  effectively  at  the  time  of  the  followup.  I he  remaining 
3 could  not  demonstrate  effective  use  of  the  aid. 

Data  From  Telephone  Interviews 

both  groups  reported  trateling  similar  amounts  of  time  (per  day) 
with  their  aids.  The  5 .Sonieguide  users’  reports  averaged  31  minutes 
travel  time  per  day  and  the  3 Laser  Oane  reports  averaged  37 
minutes.  T he  average  distance  traveled  was,  however,  slightly  longer 
for  the  3 Laser  Cane  users,  whose  travel  averaged  1.5  city  blocks. 
T he  Sonieguide  users’  travel  averaged  5. .3  city  blocks. 

The  specific  types  of  items  located  by  the  users  with  an  f,  1 .A  are 
listed  in  Table  3.  (T  able  3 and  4 report  only  those  users  the  authors 
could  confirm  as  using  the  LT'.\.)  T he  Laser  Cane  grou[)  re|)ortcd 
using  their  aid  for  locating  objects  in  their  tr.tvel  path  more  ire- 
qucntly  than  did  the  Sonieguide  group.  1 he  Sonieguide  users,  how- 
ever, made  more  frequent  reports  of  using  the  aid  to  detect  land- 
marks or  hazards  (head-height  objects)  than  did  the  Laser  Cane 
users. 

T'VBLE  3 Hems  Reported  Located  with  L l.i  hy  5 Sonkf.midc  L'sers  and 
3 Laser  Cane  I sers^ 


Sonieguide 

leaser  Lane 

Item 

Number 

Percent 

Number 

Percent 

Hazards  (head-height) 

5 

100% 

2 

67% 

Objects  (in  travel  path) 

4 

80% 

3 

100% 

Landmarks 

3 

67% 

2 

67% 

Other  (parked  cars,  better  line  of 
travel) 

2 

40% 

0 

0% 

^The  authors  were  able  to  confirm  use  of  the  aids  by  these  subjects. 


Table  4 presents  the  aid(s)  used  on  the  day  prior  to  the  telephone 
interview  as  reported  by  the  .Sonieguide  and  Laser  Cane  subjects 
themselves.  T he  Sonieguide  users  appeared  more  likely  to  use  a long 
cane  (without  the  LT'.\)  and/or  a sighted  guide  than  to  use  their 
LT  A. 
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IAHLK  4 Aid  Ucporti’d  I'scd  on  the  Day  Prior  to  Telepiione  intenii'u  hy 
.?  Sonieituide  L 'sers  and  J Laser  Lane  i 'sers^ 


Sonieguide 

Laser  C 

^ane 

.\i(J 

Number 

Percent 

Numl)er 

I’ereent 

Sonieguide 

I-jser  (.^ane 

•> 

40% 

1 

3:i% 

Lonu  Cane 

4 

80-’<. 

li7% 

Sii;hu  d ( luifie 

2 

40’^. 

0 

0% 

(tuide  Doi' 

1 

20’:. 

0 

()"i 

**  I lu*  authors  wcri'  able  to  (.olllinn  use  oi  the  aids  b\  these  subjeets. 


DISCUSSION 

I'lic  major  locus  ol  atlciuion  on  Iccironic  irascl  aitls  has  his- 
torically concerned  the  de\elo])ment  ol  the  iletices.  iheii  tiistrihii- 
lion  to  prospective  users,  .mtl  the  ties ilopinent  ol  trainino  curricula. 
Less  attention  has  been  oiven  to  vtilid.ttint;  these  processes  in  terms 
ol  the  Iona  ranae  interactitm  between  .in  1. 1.\  anti  .t  user's  lile 
patterns. 

Lite  .National  .\cailemy  ol  .Sciences’ ev  alu.ition  ol  the  (!-l  L.iser 
Cane  (1973)  provided  some  inrormation  concernino  use  ol  the 
Laser  Cane  duritio  trainitio  and  lor  a limiteil  period  ol  time  follow  - 
ing trainino.  1 he  study  coticluiled  (iti  p.irt)  th.it  the  L.iser  Ci.me  w.is 
most  cll'cctiw  ill  two  sitUAtions  first,  "in  moder.ite  ilensits  urh.in 
traffic  .ilong  familiar  routes”  and  second,  "in  uidamili.ir  uih.in 
areas  with  liwv  traffic  ilensity.”  Ihe  present  study  su]>ports  the 
latter  conclusion  since  Laser  Ciane  users  reporteil  fref|uent  use  ol 
the  catie  in  light  business  areas.  However,  in  comp.irison  to  the 
Sonieguide,  the  Laser  Cane  dties  not  appear  to  he  most  effective  in 
urban  areas. 

The  .\.\S  study  also  concludetl  th.it  the  L.iser  Cane  vv.is  not  ef- 
fective in  cotitlitions  such  as  building  interiors,  high  densitv  (noisy) 
traffic  conditions,  or  in  crowded  corridors.  In  the  present  stitdy  the 
Laser  Cane  users  did  not  commonlv  report  ttsing  the  .lid  in  crowded 
areas;  they  did,  however,  report  tnore  fre(|uetit  use  of  the  L.iser 
Cane  indoors  than  did  the  .Sonieguide  users. 

In  agreement  with  the  X.\.S  study  was  the  finding  th.it  L.iser 
Cane  users  and  .Sonieguide  users  were  both  more  likely  to  r.ite  their 
own  travel  ability  higher  than  would  a trained  observer.  I he  present 
subjects  rated  themselves  as  exceptional  travelers. 

I'he  presetit  study  also  elicited  reports  (frotn  users)  that  their 
travel  fref|uency  increased  following  L'l'.V  traitiitig.  This  fitiditig  tnay 
be  in  cotillict  with  the  N.\S  study  finding  that  Laser  Catie  use  did 
not  increase  travel  freijueiicy.  However,  since  direct  observations  of 
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iravcl  lrci]ucncy  were  not  made  in  the  present  study  it  is  possible  1 

that  the  rinding  represettts  only  the  users’  beliel',  and  mn  an  aetual 

increase  in  travel  Iretiuency.  ( 

Airasian  (1972)  contiucted  a c[uestionnaire  survey  ol  Binaural 
Sensory  Aid  (Sonieguide)  users  and  instructors  Irom  the  L'nited 
States,  Kngland,  Australia,  and  New  Zealand.  The  (juestionnaire 
was  designed  to  obtain  iiirormation  on  user  characteristics,  training, 

mobility  skills  belore  and  alter  KT.A  training,  mechanical  adetpiacy  j 

ol  the  device,  and  attitudes  toward  training  and  use  of  the  device. 

Because  ol  dillering  methodologies  (e.g.,  cjuestionuaire  versus  on-  1 

site  visit)  ami  subject  populations  (e.g.,  non-veteran  versus  veterans  j 

and  congenital  versus  adventitiously  blinded)  direct  comparisons  be-  ] 

tween  the  present  study  and  .Virasian’s  are  ha/.ar(U)us.  Some  ilifler-  I; 

ences  are  apparent:  in  particular,  .\irasian  reports  that  79  percent  of  1 

the  users  retained  their  aid,  while  the  present  study  concludes  that  I 

44  percent  retained  their  aid  aitrl  ct)uld  use  it  effectivelv.  Such  dis-  i 

parities  suggest  a need  for  further  research  to  determine  retention  j 

and  use  patterns  within  defined  [topulations. 

The  Patterns  of  Use  and  Disuse 

Those  veterans  trained  with  an  KT.A  but  no  longer  using  it  were 
riuestioned  to  obtain  information  on  why  they  chose  not  to  use  the 

aid.  .\  principal  reason  reported  was  a change  in  home,  business,  or  '< 

school  location  such  that  the  aid  was  no  longer  felt  to  he  effective 

(or  necessary)  to  meet  the  new  mobility  situation.  Tor  example,  the 

previous  situation  may  have  rcriuired  extensive  or  complex  travel, 

while  the  new  situation  either  tlid  not  rec|uire  sufficient  travel  or 

involved  travel  in  an  environment  not  suited  to  the  aid.  In  these 

cases  it  may  be  postulated  that  a subsetiuenl  change  would  lead  the 

veteran  t(j  resume  using  the  aid— although  no  evidence  currentlv 

exists  to  support  or  refute  this  position. 

.\  second  reasoit  cited  for  disertntinuing  use  of  the  aid  was  that 
the  individual  (thremgh  use  of  the  IvT.\)  became  so  familiar  with 
his  environment,  or  so  confident  of  his  travel  abilitv  in  that  en- 
vironment, that  the  aid  did  not  add  to  his  travel  ability  and  was 
therelore  no  longer  used.  In  these  cases  the  users  cited  the  aid  as 
necessary  and  useful  during  initial  familiarization  with  the  en- 
vironment. .\t  a later  time  the  K'T.V’s  output  became  too  redundant 
to  warrant  continued  use. 

Other  users  reported  opposite  reactions.  Tor  example,  one  in- 
dividual continued  using  the  aid  in  familiar  environments  and  em- 
ployed it  to  “explore”  his  travel  route.  He  gained  a great  deal  of 
enjoyment  from  the  aid  as  an  environmental  sensor— while  only  in- 
frequently employing  it  as  a mobility  aid. 
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Wlicii  asked  ahoiii  tile  areas  traveled  with  tlieir  K I A,  Soiuci;uide 
users  were  more  likely  to  report  utilizing  the  l/l  A in  urban  areas 
than  were  Laser  Cane  users,  while  the  latter  more  lre(|uently  re- 
(lorted  using  their  K'I'A  inside  buildings.  Due  to  the  small  po|)ula- 
tion  these  results  are  not  suitable  lor  statistical  analysis,  but  they 
are  at  least  suggestive  of  a differential  application  of  the  two  aids. 
If  subsetiuent  research  confirms  such  differentiation  it  ma\'  eventu- 
ally be  possible  to  match  one  or  the  other  aid  to  certain  users  on 
the  basis  of  travel  patterns.  Such  matching  might  be  thought  of  as 
analogous  to  the  prescribing  of  low-vision  aids,  wherein  main  aids 
will  provide  a user  with  better  visual  acuity  but  only  one  aid  (or  one 
system  of  .lids)  will  allow  him  to  achieve  optimum  performance  in  a 
particular  task  he  must  perform. 

In  camclusion,  the  study  found  that  8 of  the  18  veterans  partici- 
pating in  the  study  continued  to  use  their  L'LA  and  were  able  to 
demonstrate  effective  performance  with  it.  Lhe  remaining  veterans 
either  could  not  demonstrate  effective  use  of  the  aid  or  had  re- 
turned the  aid  to  the  V'etcrans  .Administration.  .Among  those  no 
longer  employing  the  aid,  a fre(|uent  statement  was  to  the  effect 
that  the  aid  had  initially  been  very  helpful,  but  due  to  changes  in 
environment,  self-confidence,  knowledge  of  the  cnvironmetit 
(gained  with  the  help  of  the  K'l'.A)  or  other  factors,  the  aid  was  no 
longer  employed.  These  findings  indicate  that  the  importance  of 
the  LT.A  is  greater  than  that  rellected  in  a 44-percent  use  rale. 

On  the  basis  of  these  findings  the  following  recommendations  arc 
made: 

1 . Followup  studies  should  become  integral  parts  of  all  F TA  pro- 
grams. The  purpose  of  these  studies  should  include  evaluation 
of  current  training  programs  as  well  as  eviJuation  of  user  per- 
formance variables. 

2.  .Additional  research  should  compare  use  patterns  of  the  Sonic- 
guide  with  those  of  the  Laser  Cane  to  determine  if  they  are  in 
fact  differentially  employed  by  users,  and  to  determine  if  such 
differentiation  is  a valid  guideline  for  prescribing  Sonieguides 
or  Laser  Canes  to  prospective  users. 

3.  The  present  study  found  LT.As  to  be  of  relatively  short-term 
use  to  many  users;  however,  despite  the  short  duration,  the 
impact  of  the  aid  was  evident.  Thus,  consideration  should  be 
given  to  applying  K TAs,  in  some  instances,  as  an  orientation 
tool  with  the  goal  of  improving  initial  mobilitv'  training  and 
initial  adjustment  to  mobility  within  the  user’s  environment. 
The  explicit  agreement  between  the  instructor  (represettting 
the  agency)  and  the  client  would  be  that  the  use  of  the  KTA  is 
for  a limited  period  of  time  and  is  intended  only  as  a supple- 
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mciu  U)  oriciuatioii  and  mobility  trainini>. 

4.  Ibis  (.onccpi  ol  tlic  use  ol  KTAs  as  a supplement  to  normal 
orientation  and  mobilitt  training  should  receive  appropriate 
research  attention.  .\n  example:  the  use  of  the  Laser  Cane’s 
auditory  out()ut  as  a secondary  source  of  reinforcement  in 
teaching  the  concept  of  hand  centering  and  arc  width  in  the 
use  ol  the  long  cane. 

5.  .Vdditional  guidelines  need  to  he  developed  and  validated  for 
optimum  selection  ol  l'.'I'.\  candidates. 

6.  1 he  possibility  ol  employing  LlW’s  to  improve  poor  mobility 
skills  should  he  exploretl. 
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c.  DAW  .Stump  .Sock  System 

d.  L’C-Bl.  Four-Bar  Polyccinric  Knee 

B.  Spinal-Cord-Injury  Rehabilitation 

1.  Knvironmental  Control  .Systems 

a.  Prentke  koinich  LCC  1 

b.  Voicc-Operalcd  Typewriter  and  T.n\  ironmenial  Con- 
trol System 

c.  Touch-Operated  Selector  Control 

d.  Fidelity  Comfort  and  Communication  Control 
System 

e.  Fidelity  Ct)mfort  and  Communication  System  Se- 
curity Sentinel 

2.  Communications  .Aids 

a.  .Manuiil  Communications  .Module 

b.  Portable  Telephone 

(1)  Kari-Fone 

(2)  PortaCall 

c.  .Mechanically  Operated  Voice  Synthesizer 

d.  Lifeline  System 

c.  Xew  Ealing  Reader 
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f.  Zero-Pressure  Telephone  Dialer 

g.  Sip  “N”  Puff  Dialer 

h.  Microlert  System 

3.  Mobility  Aids 

a.  Rigal  Walker  fray 

b.  VAPC  Pneumatic  Wheelchair  Control,  Model  II 

c.  Electrically  Operated  Brake  for  Powered  Wheelchairs 

d.  Icarus  Easy  Transfer  Wheelchair  Attachment 

e.  Amigo  Motorized  Wheelchair 

f.  Invacare  Elite  Series  800  Wheelchair 

g.  Everest  and  Jennings  Hub-Brake  Wheel-Lock  System 

h.  Everest  and  Jennings  Rehabilitation  Shower/ 
Commode  Wheelchair 

4.  Body  Support  System 

Castor  Portable  Standing  Frame 

5.  Lifts  and  Transfer  Aids 

a.  Mobilizer 

b.  Duphar  Life  Lift 

c.  La  Caron  Lift  Chair,  Model  76 

6.  Orthotics 

a.  Sani-Comfo  Arm  Splint 

b.  Liberson  Electrical  Stimulation  System 

7.  Driving  Systems 

a.  Power  Car  Door 

b.  Volvo  Driving  System 

II.  COMPLIANCE  TESTING 

A.  Standards 

B.  Testing 

1.  Upper  Limb  Components 

a.  Internal  Elbow  .Assembly 

b.  APRL  Voluntary  Closing  Hook 

2.  Lower-Limb  Components 

a.  Positive-Locking  Knee/Shank  Assemblies 

b.  SACH  Feet 

3.  Adaptive  Automotive  Hand  Controls 

III.  THE  VAPC  CLINIC  TEAM 

1 . DEVE LOPMENT  AND  EVALUATION 


A.  Prosthetics 

I.  Lower  Limb 

a.  Graphite-Epoxy  Composite  Components.  To  date  we  have 
been  unable  to  develop  a knee  joint  of  this  material  for  below-knee 


93 


Bulletin  of  Prosthetics  Research— Spring  1977 

[nosihcscs  due  lo  dillicultics  in  sluiirinn  lids  composile  material  and 
due  to  its  hritlleness.  We  are  eonliiuiiiu;  our  eflorl  to  detelop  llie 
v;rapliiie-ep()\y  SACill  loot  keel ; I losmer/Dorraiice  C'.orporaiion  was 
awarded  a \'A  coniraet  lo  produce  20  |)airs  ol  SACII  feel  with 
f graplute-epo\y  keels  as  cores,  lliese  were  |)roiluced  in  shoe  sizes 

()!'-■  and  7 lor  hoth  rii^lu  and  left  ampulees.  These  .S.\CII  feet  met 
\'.\PC:  standards  and  are  hein'.t  sent  to  selected  field  stations  for 
further  e\ .dilation. 

1).  J’olypropyli'iic  Ilip  Joint  and  Pelvic  Hand.  This  system,  de- 
scrihed  in  lil’R  10-25  and  HPR  10-26,  has  been  reported  by  patients 
to  he  lii'hier,  more  comfortable  while  amhulalinn  and  siitiii”,  and 
more  durable,  than  other  systems.  This  device  is  now  commercially 
atailahle  to  all  prosthetic  facilities  from  U..S.  .Manufacturing  Clo. 

c.  /Till'  Stump  Sod;  System.  D.\W  Industries  of  .Minneapolis, 
Minnesota,  has  manulactured  a slump  sock  system  for  ampulees 
that  has  been  called  “the  perfect  system.”  The  system  uses  a nylon 
sheath,  a wool  (3  or  5 ply)  sock,  and  a laundry  bat'.  The  sheath  and 
sock  can  be  maebine-washed-and-dried  with  the  use  of  the  laundry 
bag. 

The  D.WV  Stump  Sock  System  was  fitted  to  15  unilateral  and  bi- 
lateral above-  and  below-knee  amputees  who  had  previously  worn 
wool  slump  socks.  .According  to  wearers  the  socks  reduced  abra- 
sions, minimized  perspiration,  and  provided  a more  intimate  fit 
than  conventional  stump  socks.  The  nylon  sheath,  however,  de- 
veloped runs  or  tears  after  a short  time,  apparently  from  being 
pulled  loo  hard  during  donning.  The  DAW  Stump  Sock  System  is 
commercially  available  from  the  manufacturers  in  all  sizes  for 
above-  and  below-knee  amputees. 

j d.  I'C-ltL  Four-liar  Polycentric  Knee.  Preliminary  evaluation 

I of  a prototype  four-bar  polycentric  knee  mechanism  developed  by 

I the  biomechanics  Laboratory,  University  of  California  at  Berkeley, 

! has  shown  that  the  device  offers  improved  knee  function.  Because 

! of  its  polycentric  design,  knee  stability  is  improved  and  the  llexion 

I range  of  the  knee  is  increased.  .A  pneumatic  unit  added  to  the  basic 

^ mechanism  controls  swing  phase.  The  L'C-BL  four-bar  linkage  knee 

is  modular,  and  includes;  (i)  an  adjustable  socket  aligjiment  coup- 
ling of  the  spherical  type  allowing  a range  of  ± 5 deg  in  adduction, 
abduction,  flexion,  and  extension,  plus  unlimited  axial  rotation; 
(ii)  a knee  unit  with  plastic  knee  cap;  (iii)  shank  pylon  tubing; 
(iv)  internal  expanding  tube  couplings,  and  (v)  a SACII  foot  attach- 
ment. Standard  stock  cosmetic  covers  were  used. 
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Wearers  iouiul  llial  walking  with  this  prostltesis  was  easier,  more 
seeure,  and  less  tiring  than  with  devices  with  which  they  were 
lamiliar. 


i 


B.  Spinal-Cord-Injury  Rehabilitation 

I.  I'.m'ironmcnttil  Control  Svi I ems 

a.  I’rrntkc  Roniich  KCl’  I.  This  system  (I’ig.  1 and  2)  manu- 
lactured  and  distrihuted  by  the  I’rentke  Romich  (a>.,  Shreve,  Ohio, 
provides  12  channels:  four  are  1 2()-\’  a.c.  standard  |)ower  oiith'ls 
and  eight  are  12-\'  d.c.  outlets  for  remote  switching  systems.  The 
standard  [tower  outlets  are  used  to  supply  [tower  to  television  sets, 
radirts,  and  lamps.  The  I 2-\’  vl.c.  outlets,  two  ol  which  are  con- 
trolled by  internal  latching  circuits  (the  momentary  switch  simply 
sets  (tr  resets  these  circuits),  are  used  to  control  various  battery- 
(tperated  devices,  tape  recorders,  intercoms  and  other  nurse-call 
tlevices,  page  turners,  electric  beds,  and  (in  remote  operations) 
standard  pr)wer  receptacles  or  outlets.  .\  separate  built-in  relay  is 
included  lor  two  additional  sim[)le  switching  o|)erations. 

Control  signals  are  dis[)hivcd  on  the  KCl'  ln[)ut  l)is[)la\  , whose 
14  indicator  lamps  corres[)ond  to  the  14  limctions  of  the  unit. 
Ilexible  gooseneck  is  used  to  hold  the  control  switch. 

Nine  of  these  systems  are  being  ev;iluated.  Kvaluation  is  not  v et 
complete,  but  early  results  have  been  favorable. 

b.  Voice-O[>i'ratc(i  lylx'u'ritcr  and  Riwironmcntal  Control 
System.  This  device  (VOl'KCS),  described  in  the  Spring  1975 
edition  of  the  Bulletiti  (BPR  10-23,  pp.  24G-248),  was  develo[)ed 
by  Scope  Klectronics,  Inc.,  Rcston,  N'irginia.  It  has  three  modes  of 
operation:  (i)  training  the  V’OTKCS  to  respond  to  each  user's  vo- 
cabulary and  voice  pattern,  (ii)  allowing  functions  to  be  performed, 
or  the  system’s  typewriter  keys  to  be  activated,  througb  spoken 
commands,  and  (iii)  providing  for  retraining  of  command  words  as 
required. 

riie  V'OTKCS  under  clinical  evaluation  at  \'AH,  Richmond, 
Virginia,  for  nearly  2 yr  has  operated  well  for  most  of  this  time.  It 
has  demonstrated  that  voice  recognition  as  a control  means  can  be 
used  successfully  by  certain  persons  with  quadriplcgia  to  type  and 
operate  electric  appliances  through  an  added  environmental  control 
system.  Because  of  its  maintenance  requirements,  cost,  and  limited 
application  it  should  be  considered  for  patient  use  only  after  ex- 
tensive consideration  of  all  other  options,  and  of  the  requirements 
of  its  use. 
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Figure  l.  (above)  — Prentke  Romich 
ECU  1 (Environmental  Control  Unit)  of- 
fers 12  channels  plus  two  simple  switch- 
ing operations.  Flexible  gooseneck  keeps 
control  switch  accessible  to  patient. 


Figure  2.  (right)  — Prentke  Romich  ECU 
1 input  display  shows  control  signals  on 
14  indicator  lamps  which  correspond  to 
the  14  functions  of  the  unit. 


c.  Touch-Operated  Selector  Control.  This  system  (TOSC)  is  de- 
scribed in  the  Bulletin  of  Prosthetics  Research  (BPR  10-26).  One 
system,  installed  in  a veteran’s  home,  developed  an  early  malfunc- 
tion but  has  functioned  well  for  several  months.  The  patient  finds 
the  TOSC  system  very  useful  for  such  routine  activities  as  dictating 
his  comments  for  phone  calls  for  the  day,  or  for  rect)rding  incoming 
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plionc  calls.  .Mso,  ilic  iiitcrcDin  lias  allowed  liini  lo  coniimiiiicatc 
with  nicinlicrs  ol  liis  I'ainily  in  other  parts  ol'  the  house. 

He  leels  the  system  is  excellent  tor  himsell,  or  tor  others  with 
similar  limctional  ahility. 

(1.  l-ulclity  Comfort  and  Communication  Control  S\stc>n.  This 
system  (I  CXi.S),  descrihed  in  B1*R  1 0-2d  and  lil’R  1 0-2(i.  was  de- 
\eloped  by  the  .Northwestern  L’ni\ersit\  Rchahililalion  laii;ineerin” 
Program  and  is  manulactured  hy  I'idclity  Klectronics  Ltd.,  Chica”o, 
Illinois.  It  is  a solid-state  ein ironmental  control  system  with  eij^ht 
1 unctions  that  allow  a tjuatlriple^ic  to  independently  oiierale  up  to 
ei',;ht  electrical  appliances  hy  usiiv.;  one  ol  two  .nailable  types  ol 
controls;  a hand-operated  (either  wired  or  wireless)  pushbutton 
control,  or  a pneumatic  control. 

Seven  I'CCS  systems,  installetl  in  the  homes  ol'  ilisabled  veterans, 
were  evaluated.  .Vdvaiita^es  cited  by  the  patients  are  that  the  sys- 
tem is  compact  and  packaged  in  a woodi^rain  box  that  blended 
well  with  home  I'urnishinas.  1 he  eiaht  available  lunctions  arc  ideal 
lor  the  average  spinal-cord-injured  patient.  Ihe  remote  control 
leaturc  is  well  conceived  and  ol'  areat  utilitc  . 

e.  Iidclity  Comfort  and  Communication  System  Security 
Sentinel.  I'he  Fidelity  Comlort  and  CommunicatioTi  System 
(tecs)  Security  Sentinel  developed  and  distributed  by  Fidelitt’ 
Electronics,  Ltd.,  Chicago,  Illinois,  is  an  environmental  control  sys- 
tem that  provides  disabled  persons  with  the  means  to  respond  to 
potentially  dangerous  home  situations. 

The  system  provides  five  security  and  safety  functions  a closed 
circuit  teletision  monitor  to  observe  and  identify  front  entrance 
callers;  a wired  intercom  to  communicate  with  a front-entrance 
caller;  an  electric  pneumatically  controlled  door-lock  release;  a 
hcat-and-smoke  detector  that  monitors  the  presence  of  unusually 
intense  heat  or  smoke  and  activates  an  automatic  telephone  dialer 
(or  an  audible  alarm)  when  necessary;  and  an  automatic  emergency 
telephone  dialer.  When  activated  by  the  hcat-and-smoke  detector, 
the  dialer  automatically  dials  a prerecortled  number  (e.g.,  the  local 
fire  department)  and  provides  recorded  emergency  information 
(i.c.,  location,  etc.). 

Twelve  units  have  been  in  use  in  the  homes  of  12  veteran  bene- 
ficiaries for  several  months.  All  units  have  functioned  well.  Com- 
ments from  the  patients  indicated  that  installation  was  easily  ac- 
complished and  that  the  system  has  been  highly  useful. 

The  television  surveillance  of  the  area  outside  the  front  door, 
and  the  intercom  system,  provide  a general  sense  of  security  to  the 
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homebound  veteran.  It  is  recommended  that  this  device  be  made 
available  to  qualified  veteran  beneficiaries  on  prescription  when 
used  in  conjunction  with  the  Fidelity  Comfort  and  Communication 
System  (FCCS). 

2.  Communications  Aids 

a.  Manual  Communications  Module.  The  MCM  Communication 
System  (Fig.  3)  is  designed  and  marketed  by  Silent  Communica- 
tions, Inc.,  Oakland,  California.  The  system  consists  of  a portable 
electronic  typewriter  designed  to  interface  with  ordinary  telephones 
through  a built-in  acoustic  coupler.  It  provides  a convenient  means 
for  deaf  and  other  hearing-impaired  persons  to  communicate 
through  the  telephone  and  the  Phone-Teletype  network.  Clinical 
evaluation  was  conducted  by  the  Prosthetic  and  Sensory  Aids  Serv- 
ice, VA  Outpatient  Clinic,  Baltimore,  Maryland.  As  a result  of  the 
information  obtained  from  the  clinical  evaluation,  it  is  recom- 
mended that  the  MCM  Communication  System  be  made  available 
for  eligible  veterans  on  prescription. 

b.  Portable  Telephones 

Two  portable  (no  wire)  telephone  systems  are  currently  being 
evaluated. 

These  systems  free  the  telephone  instrument  from  the  need  to 
be  connected  by  wire  to  the  regular  telephone  circuit.  They  have 


Figure  S.-Manual  Communication  Module  showing  portable  electronic  typewriter  with 
bui]t*in  acoustic  coupler,  and  scroll  cassette  unit. 
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an  extra  base  or  relay  unit  which  plugs  into  the  tele|thone  com- 
pany’s wire  circuit,  and  this  unit  relays  the  message  to  and  Irom 
the  instrument  via  low-power  radio  broadcasting.  I'hc  phone  in- 
strument itseir  must  also  have  low-power  radio  receiving  and  send- 
ing capabilities  to  complete  the  link. 

Handicapped  persons  living  independently  may  rely  heavily  on 
the  telephone  as  a means  of  calling  for  advice  or  help  in  an  emer- 
gency. The  radio-equipped  telephone  allows  them  to  have  a phone 
crtntinuously  at  hand  as  they  move  from  room  to  room,  in  the 
workshop  or  garage  or  while  taking  a hath,  or  out  at  poolside,  etc. 
The  system  can  also  be  moved  to  a summer  residence,  motel,  etc. 

The  systems  currently  being  evaluated  are  — 

(1)  Kari-Fone  (Fig.  4 and  5).  This  wireless  portable  telephone, 
available  from  the  Kari-Fone  Corp.,  Klmhurst,  New  'I'ork,  is  an  F.\I 


f IGURE  4.  (above)-  Kari-Eone  (rear  view) 
with  battery  charger.  TerminaJ  block  at 
right  is  intended  to  permit  handling  up  to 
five  different  telephone  numbers  on  a 
single  base  unit. 


Figure  S.  (right)— Kari-Fone  portable 
telephone,  front  view,  with  instrument 
resting  on  base  relay  unit. 
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Figure  6.— PortaCall  portable  telephone  instrument  and  base  units,  with  telephone 
plug  and  battery  charger.  Note  telescoping  antennas. 


radio  device.  The  manufacturer  claims  that  Kari-Fonc  complies  with 
FCC  regulations  and  does  not  require  licenses  or  permits.  There  is  a 
single  telescoping  antenna  on  the  base  portion  of  the  instrument 
(none  on  the  hand-held  portion)  and  one  on  the  relay  unit.  Fherc 
is  also  a fixed  internal  antenna. 

(2)  PortaCall  (Fig.  6).  This  wireless  portable  telephone  is  an  AM 
radio  device.  The  manufacturer  claims  advantages  similar  to  those 
claimed  for  Kari-Fone.  It  has  two  telescoping  antennas  on  the  relay 
unit  and  one  on  each  portion  of  the  instrument  itself. 

c.  Mechanically  Operated  Voice  Synthesizer.  This  system 
(MOVS),  designed  and  manufactured  by  Scope  Electronics,  Inc., 
Reston,  Virginia,  is  now  under  evaluation.  The  MOVS  is  a vocal 
communication  aid  for  persons  with  speech  impairments.  It  pro- 
duces an  electronically  synthesized  voice  output  that  consists  of 
mechanically  selected  combinations  of  phonemes,  words  or  phrases 
that  are  listed  on  a data  tablet.  A 32-character  readout  is  supplied 
to  display  the  vocabulary  combinations  chosen  prior  to  the  de- 
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livery  of  the  message.  The  (Volrax)  voice  synthesizer,  the  voice 
controller  (computer),  and  a speaker,  process  and  deliver  the 
spoken  message.  The  voice  synthesizer,  voice  controller,  and  data 
tablet  control  arc  mounted  in  a movable  chassis. 

d.  Lifeline  System.  This  automatic  home  emergency-alarm  sys- 
tem (Fig.  7)  developed  at  Boston  University,  is  manufactured  by 
Lifeline  Systems,  Inc.,  Newton  Centre.  Massachusetts.  It  auto- 
matically dials  a telephone  during  an  emergency,  transmitting  a 
message  to  a central  station  which  initiates  a response.  A receiver 
and  digital  printer,  both  manufactured  by  Security  Sciences  of 
America,  Scottsdale,  Arizona,  are  located  in  the  central  station. 

The  Lifeline  System  can  be  actuated  by  any  one  of  three  dif- 
ferent procedures:  by  the  patient  using  manual  switches  located  in 
strategic  areas  of  his  home;  by  the  patient  using  a portable  RF 
trigger;  and  by  an  automatic  monitor  that  calls  for  help  wheat  the 
patient  is  presumed  to  be  incapacitated.  The  monitor  or  timer 
(which  can  be  set  for  from  1 to  24  h)  is  reset  by  the  patient’s  use 
of  the  telephone  (or  by  his  simply  lifting  the  handset).  Should  the 
timer  not  be  reset,  which  might  indicate  that  the  person  is  in- 
capacitated, it  first  sends  a warning  signal  to  the  patient,  and  if 
still  not  reset,  sends  an  automatic  call  for  outside  help. 


Figure  7. —Lifeline  System  , an  automatic  home  emergency  alarm  system. 
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While  the  Lifeline  System  functioned  according  to  design,  it  re- 
quired a number  of  people  and  a central-station  answering  service 
for  implementation  of  the  appropriate  reaction  by  the  appropriate 
agency.  Other  systems  serve  the  same  purpose  with  fewer  require- 
ments. The  manufacturer  is  willing  to  set  up  a central-station 
answering  service  if  a “significant  need”  exists. 

e.  New  Ealing  Reader.  This  is  an  automatic  scroll-reading  de- 
vice (Fig.  8)  for  the  physically  handicapped,  developed  by  the 
Ealing'  Corp.,  South  Natick,  Massachusetts.  The  reader  is  portable 
and  may  be  clamped  on  the  over-the-bed  table  included  in  the  pack- 
age, or  on  any  table.  Operating  power  is  supplied  either  by  an  in- 
ternal rechargeable  battery  or  any  standard  1 15-V  a.c.  source. 

The  New  Ealing  Reader  consists  of  a main  frame,  a scroll  cas- 
sette, a full  tape  on  a spool,  a take-up  spool,  and  three  control 
switches.  The  main  frame  contains  the  drive  system,  a rechargeable 
battery,  printed-circuit  control  boards,  and  the  receptacle  for  the 
cassette. 

The  New  Ealing  Reader  has  been  undergoing  clinical  trials  at 
VAH  Spinal  Cord  Injury  Services  in  the  Bronx  and  at  Castle  Point 


Figure  9.— Zero-Pressure  Telephone  Dialer  in  use. 
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and  Brockton.  One  unit  wa.s  modified  by  tlie  company  to  operate 
pneumatically,  and  a Rehabilitation  Knj^ineer  modified  another 
for  use  as  an  accessory  on  an  environmental  control  system.  A mag- 
nifier was  attached  to  one  unit  for  patients  with  visual  problems. 

Comments  from  patients  and  staff  indicated  some  difficulty  in 
setting  up  the  apparatus,  but  it  was  very  easy  to  operate  thereafter. 
Questions  arose  concerning  copies  of  reading  material  required. 
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storage  space  needed  to  store  spools  . . . and  the  fact  that  the  daily 
newspapers  did  not  fit  into  the  device. 

f.  Zero-Pressure  Telephone  Dialer.  The  dialer,  (Fig.  9),  manu- 
factured by  Med-i-electric  and  distributed  by  .Medical  Equipment 
Distributors,  Inc.,  Upper  Darby,  Pennsylvania,  is  a touch-operated 
telephone  for  persons  with  limited  or  no  hand  function.  The  sys- 
tem is  activated  through  skin  contact  on  the  surface  plate  above  the 
numbers,  or  by  using  the  special  tip  of  the  .MED  mouthstick  that  is 
provided  by  the  manufacturer.  The  Zero-Pressure  Telephone  Dialer 
is  being  evaluated  in  the  home  of  a disabled  veteran. 

g.  Sip  “N” Puff  Dialer.  This  dialer  (Fig.  10)  is  manufactured  by 
Med-i-electric  and  distributed  by  .Medical  Equipment  Distributors, 
Inc.,  Upper  Darby,  Penn.  It  is  a breath-controlled  telephone  dialer 
designed  to  be  operated  by  a high  level  quadriplegic.  Ti  e unit  is  in- 
stalled by  connecting  a telephone  extension  into  the  Sip  “N”  Puff 
unit’s  receptacle.  The  Sip  “N”  Puff  unit  is  then  plugged  into  th. 
telephone  wall  outlet.  The  phone  receiver  is  mounted  on  a flexible 
arm,  which  is  then  clamped  to  a convenient  table. 

The  user  puffs  lightly  on  the  tube  to  get  a dial  tone  and  then  sips 
on  the  tube  to  create  a vacuum.  Holding  the  vacuum  with  his 


Figure  lo.  sip  “N”  Puff  Dialer. 
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tongue  over  the  end  of  the  tube,  the  user  waits  until  the  number  he  ; 

wishes  to  dial  appears  in  the  display.  He  selects  the  number  by  re- 
leasing the  vacuum  and  repeats  the  cycle  for  sequentially  presented  f 

numbers.  When  the  telephone  conversation  is  completed,  the  user 
simply  puffs  on  the  tube  to  “hang-up”  the  receiver. 

The  device  is  still  being  evaluated. 

h.  Microlert  System.  Developed  by  the  Microlert  Corp.,  North  i 

Hollywood,  California,  this  electronic  alert  system  operates  through 
the  telephone  network.  When  activated,  the  system  automatically 
summons  assistance  through  pre-selected  calls. 

The  system  consists  of  a wrist-worn  RF  micro-transmitter,  an  RF 
receiver,  and  a base  station.  Depressing  the  pushbutton  located  on 
the  wrist  unit  transmits  a signal  to  the  receiver  located  strategically 
in  the  house.  The  receiver  then  simultaneously  activates  an  auto- 
matic telephone  communicator  and  an  audible  alarm.  If  the  device 
is  not  deactivated,  a series  of  pre-recorded  taped  emergency  num- 
bers arc  automatically  dialed  and  pre-recorded  messages  are  de- 
livered. The  tape  cassette  is  pre-recorded  by  the  company  using  a 
special  recorder. 

The  Microlert  System  is  presently  being  clinically  evaluated. 

3.  Mobility  Aids 

a.  Rigal  Walker  Tray.  This  device  (Fig.  11),  invented  by  Mr. 

Waldo  Rigal,  of  Mount  Pulaski,  Illinois,  is  a folding  walker  that  in- 
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corporates  a foldini'  tray.  It  is  designed  to  assist  persons  to  stanri 
and  walk.  \n  attaclied  tray  provides  a level  surtace  lor  carrying 
small  objects.  Tlie  device  did  not  comply  with  VA  specil'icalions 
in  laboratory  tests. 

b.  r.l/'C  Pneumatic  W'lieclcliuir  Control,  Model  II.  I be  \’.\PC 
Pneumatic  Wheelcbair  Control  .Model  11,  a du;il-tube,  momentary 
controller  with  an  experimental  third  tube  to  vary  wheelcbair 
power  and  speed,  is  being  evaluated.  The  control  has  been  modi- 
fied to  relate  motor  power  in  the  forward  mode  to  the  magnitude 
of  positive  intraoral  pressure.  In  response  to  higher  positive  pres- 
sure in  either  or  both  pneumatic  tubes,  motor  power  increases  pro- 
portionately. Negative  pressure  causes  cither  or  both  motors  to 
operate  in  reverse  at  a consistent  low-power  level. 

.Speed  is  varied  through  two  pneumatic  linear  potentiometers 
(Fig.  12)  which  regulate  the  power  output  of  pulsc-width-modu- 
latcd,  d.c.  motor  controllers.  .Maximum  power  to  a drive  motor  is 
achieved  when  0.25  psi  is  developed  within  the  corresponding  pres- 
sure transducer. 

.\n  Everest  &:  Jennings  “32”  Power  Drive  24-V'  wheelchair  (Fig. 
13)  is  equipped  with  this  system. 

c.  Electrically  Operated  Brake  for  Powered  Wheelchairs.  I'hc 
V'.\PC  has  initiated  a program  to  develop  an  effective  braking  sys- 
tem that  would  preclude  undcsired  wheelchair  motion  (of  cither 
powered  or  conventional  wheelchairs)  in  the  event  of  control 


Figure  12.-VAPG  Pneumatic  Wheel- 
chair Control  Model  II.  Inside  view  of 
proportional  control  unit  showing  pair 
of  pressure  transducers  (pneumatic  linear 
potentiometers). 


J 
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FKU.'RE  13.  V.M’C  Proportional  Pneumatic  Control  on  wheelchair:  this  control  system 
superneially  resemhles  the  Model  11  Control  which  has  dual  tubes. 


luilurt'  or  power  drive  tailure,  and  when  the  wheelchair  is  parked 
on  an  incline. 

I wo  units  are  under  evaluation.  One.  employini;  a caliper  con- 
cept, is  mounted  on  a wheelchair  driven  by  a rhotocircuits  Power 
Wheel  (motorized  huh)  system.  .A  secoiul  unit  (l  it;.  14)  is  mounted 
on  a chin-controlled  Kverest  ic  Jennings  “33”  electric  wheelchair. 

d.  Icanis  Eas\  iransfer  Wheelchair  Attachment.  Phis  device 
(l  io.  15),  manulacturcd  by  Icarus  Health  .\ids  Ltd.,  Netanya, 
Israel,  is  a translcr  hoard  that  is  permanently  altachetl  to  a wheel- 
chair. It  is  currently  beint;  tested. 

e.  .Im/ao  Motorizeil  Wheelchair.  Ibis  wheeli  nair  (l  ist,  lb)  is  a 
commercially  .ivail.ible  iri-wheeled  motorized  wheelchair  manu- 
lactured  In  .\mitto,  Inc.,  Hriditeport.  .Michigan.  It  is  ilesi^dued  lor 
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figure  14.  This  E&J  “33”  electric  wheelchair  has  been  equipped  with  one  of  the 
electrically  operated  brake  systems  currently  being  evaluated. 


|)crs()ns  who  liavc  uppcr-lxKiy  control  l)ut  wlio  latiauc  easily,  such 
as  arthritic  and  ocriatric  patients,  and  persons  with  cardiovascular 
problems,  emphysema,  polio,  and  multiple  sclerosis. 

I'wo  units  were  evaluated.  They  were  found  mechanically  and 
structurally  adetiuate  and  met  standards  for  electrical  safety  . How- 
ever, it  is  difficult  to  determine  precise  medical  inilication  for  pre- 
scriptittn.  It  is  being  recommendetl  for  use  by  \eterans  when  pre- 
scribed by  a physician. 


1.  Invacarc  Elite  Series  SOO  Wheelchair.  The  Inv.ic.ire  l.liti 
Series  800  Wheelchair  is  manufactured  and  marketetl  h\  the  In\a 
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care  Corp.,  Klyria,  (Jliio.  The  Elite  series  is  available  wiili  a com- 
plete selection  of  wheelchair  iliinensions  for  custom  fittinf^s:  seat 
lieii'ht  17  to  22.5  in;  seat  depth  13  to  20  in;  seat  and  hack  width 
16  to  22  in;  and  seat-to-arni  lieii'ht  7.5  to  13.5  in.  fully  reclining 
model  and  a model  for  hemipleitics  were  tested.  .\t  the  manufac- 
turer’s reijuest,  clinical  evaluation  was  suspended  so  that  modifica- 
tions could  he  made. 

g.  Everest  and  Jennings  ! lub-lirake  Wheel-Lock  System.  1 he 
huh-hrake  (Eig.  17  and  18),  manufactured  hy  Everest  and  Jennings, 
Inc.,  Eos  .\ngeles,  California,  consists  of  a small  drum  attached  to 
the  wheelchair’s  rear  vertical  frame  support.  Ihe  rear-wheel  axle 
passes  through  the  center  of  the  drum.  Integrated  into  the  rear 
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FIGURK  17. -Everest  and  Jennings  Hub-Brake  Wheel-Lock  System  installed  on  a wheel- 
chair.  The  brake  rod  may  be  connected  to  the  lever  to  produce  a push*to*Iock  or  a pull* 
to*lock  action,  as  desired. 
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Figure  is.— Everest  and  Jennings  Hub- 
Brake  Wheel-Lock  System. 


wheel  is  the  brake’s  rocking  plate  and  brake  lining.  Either  pushing 
or  pulling  of  the  brake  lever  can  be  used  to  force  the  brake  lining 
against  the  brake  drum:  Push-to-lock  or  pull-to-lock  lever-action  is 
selected  by  simply  removing  the  nut  that  attached  the  brake  rod  to 
the  lever,  and  repositioning  the  rod  in  the  desired  hole.  The  rod  is 
secured  by  replacing  the  nut  to  complete  the  conversion  process. 

h.  Everest  and  Jennings  Rehabilitation  Shower J Commode 
Wheelchair.  This  device  manufactured  by  Everest  and  Jennings, 
Los  Angeles,  California  (Fig.  19),  is  currently  being  evaluated.  It  is 
designed  to  assist  non-ambulatory  and  other  individuals  in  shower 
bathing  and/or  commode  use  for  personal  hygiene. 

4.  Body  Support  System 

Castor  Portable  Standing  Frame.  This  device,  manufactured  by- 
Arthur  L.  Castor,  Inc.,  Compton,  California,  employs  bilateral  ver- 
tical axillary  supports  to  provide  the  means  whereby  a low-level- 
lesion  quadriplegic  or  paraplegic  is  able  to  achieve  and  maintain 
an  erect  standing  position  for  improved  renal  function,  calcium 
retention,  and  strengthening  of  functional  musculature  through  an 
exercise  regime  in  the  erect  position  (Fig.  20).  One  unit  is  being 
evaluated. 

5.  Lifts  and  Transfer  Aids 

a.  Mobilizer.  The  Mobilizer  is  a powered  patient-transfer  de- 
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F^IGURE  19.-  Everest  and  Jennings  rehabilitation  shower  commode  wheelchair. 

vice  manufactured  by  the  Diamondhead  Corp.,  Mountainside, 
New  Jersey.  As  previously  described  in  the  Spring  1974  edition 
of  the  Bulletin  (BPR  10-21,  pp.  100-101),  this  unique  device  fea- 
tures a supporting  surface,  and  a transfer  surface  which  extends 
out  laterally  from  the  device  itself  and  slips  under  the  patient, 
transporting  him  from  one  surface  to  another.  With  this  device, 
one  attendant  can  transfer  patients  gently,  safely,  and  economically 
without  lifting  or  touching  the  patient  in  any  manner.  1 Ills  unit 
features  a hand-held  remote  control  box  that  allows  one  attendant 
to  transfer  a supine  patient  to  and  from  a bed  or  treatment  table, 
and  to  raise  or  lower  the  transfer  surface  of  the  device  16  in.  to 
approximate  the  heights  of  beds  or  tables.  Power  is  supplied  by  a 
24-V  storage  battery  with  built-in  charger.  The  unit  has  removable 
side  rails,  and  is  mounted  on  four  10-in.  casters  for  trans])orting 
patients  to  other  areas  by  pushing  or  pulling  (not  powered). 

The  .Vlobilizer  was  clinically  evaluated  at  various  V'.V  Hospital 
Spiiiiil-dord-Injury  Centers  throughout  the  country.  It  was  found 
to  be  easy  to  o[)erate,  maneinerable,  comfortaljle,  safe,  aiui  ijuite 
useful.  It  is  recommended  that  the  Mobilizer  be  tn.ide  available  to 
Hospital  .Spinal-Cord-Injury  Centers. 
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Figure  21.'Duphar  Life  Lift  can  serve  as  both  lift  and  stretcher.  Crank  handle  at 
rifjht  produces  motion  of  surface  to  bring  patient  aboard  without  manual  lifting  3n<l 
little  or  no  movement  of  patient's  spine.  Safety  straps  arc  used  to  secure  patient  for 
carrying. 
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b.  Du/jliur  Life  Lift.  This  tlcvicc  21),  whicli  is  currently 
being  evaluated,  serves  the  dual  function  of  a lift  ami  a stretcher 
for  use  at  the  scene  of  an  accident.  It  is  available  tlirough  .Medical 
Metliods,  Bay  St.  Louis,  .Mississippi.  By  rotating  a revolving  handle 
that  moves  a series  of  rollers  located  beneath  the  resting  surface  of 
the  device,  the  operator  is  able  to  eliminate  the  need  for  manually 
lifting  a patient  onto  a stretcher,  and  can  accomplish  this  with  little 
or  no  movement  of  the  patient’s  spine.  Safety  straps  are  used  to 
secure  the  patient  to  the  stretcher. 


fiGURE  22.— La  Caron  Lift  Chair,  Model  76,  helps  patient  rise  from  a sitting  position. 
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c.  La  Caron  Lift  Chair  Moticl  76.  This  chair  (Fig.  22)  manu- 
factured and  marketed  by  La  Caron  Industries,  Kenilworth,  New 
Jersey  is  currently  being  evaluated.  It  uses  a counterbalance  prin- 
ciple to  help  an  occupant  to  achieve  an  upright  posture.  This 
straight-back  recreational  ebair  is  intended  for  ambulatory  patients 
who  have  dilliculty  in  rising  from  a sitting  position:  e.g.,  patients 
with  arthiitis,  Parkinson  s disease,  muscular  degeneration,  paralysis, 
multiple  sclerosis,  cardiovascular  accident,  and  geriatric  problems. 

6.  Ortho  tics 

a.  Sani-Comfo  Arm  S/Jiint.  Manufactured  and  marketed  by 
L’Nard  .Associates,  Inc.,  Providence,  Rhode  Island,  this  splint  (Fig. 
23)  is  designed  to  be  both  an  alternative  to  the  conventional  I.V^. 
board,  and  a passive  positioning  hand  splint  for  the  wrist  and 
fingers.  Constructed  of  preshaped  plaster,  the  device  is  available  in 
small,  medium,  and  large  sizes  in  an  effort  to  accommodate  its  in- 
tended users.  It  employs  adjustable  Velcro  attachment  straps  and 
a removable  thumb  post  that  makes  the  device  adaptable  for  either 
hand.  Several  units  are  currently  being  evaluated  at  the  VA  Hos- 
pital, Castle  Point,  New  York. 

b.  Liberson  Electrical  Stimulation  System.  The  Liberson  stimu- 
lator (Fig.  24)  is  designed  to  provide  dorsiflexion  of  the  ankle  with- 
out excessive  concomitant  eversion  or  inversion.  In  addition  to 
stimulating  the  peroneal  nerve  (or  one  of  its  branches),  the  tibialis 
anterior  muscle  is  also  stimulated.  (Stimulation  of  the  tibialis 
anterior  muscle  counteracts  the  eversion  that  is  usually  produced  by 
peroneal  nerve  stimulation  alone.) 


Figure  23.— Sani-Comfo  Arm  Splint. 
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Figure  24.— Liberson  Electrical  Stimulation  System  is  being  used  to  stimulate  the 
paralyzed  muscles  of  hemiplegic  patients  to  provide  a more  efficient  walking  pattern. 


The  Liberson  electrical  stimulator  is  being  used  to  stimulate  the 
paralyzed  muscles  of  hemiplegic  patients  to  provide  a more  efficient 
walking  pattern,  and  to  decrease  spasticity  of  certain  muscles  in  the 
lower  limb  of  the  affected  side.  Six  patients  have  thus  far  been 
fitted  with  the  device  and  are  currently  being  monitored.  Addi- 
tional hemiplegics  will  be  fitted. 

7 . Driving  Systems 

a.  Power  Car  Door.  Manufactured  by  the  Power  Car  Door  Cor- 
poration, St.  Clair  Shores,  Michigan,  this  is  an  electromechanical  de- 
vice that  can  be  installed  inside  a car  door  to  allow  a disabled  per- 
son to  open  and  close  his  car  door.  The  person  does  this  by  activa- 
ting either  a control  switch  on  the  instrument  panel  or  an  exterior 
control  switch.  The  Power  Car  Door  was  used  on  a Volvo  during  a 
6-month  period.  It  has  been  returned  to  the  manufacturer  with  our 
comments. 

b.  Volvo  Driving  System.  A Volvo  servocontrol  driving  system 
was  evaluated  by  our  VAPC  evaluation  program  for  adapted  driving 
systems.  Due  to  certain  shortcomings,  it  was  not  recommended  for 
general  use. 
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II.  COMPLIANCE  TESTING 

A.  Standards 

A first  draft  of  Standards  and  Specifications  for  Lower-Limb 
Prosthetic  Assemblies  and  Components  has  been  prepared.  The 
scope  of  these  standards  includes  all  lower-limb  prosthetic  assem- 
blies and  components  in  adult  sizes.  Copies  have  been  distributed 
internationally  for  peer  review  in  preparation  for  the  ISPO-ASTM 
workshop  in  Philadelphia,  Pa.  scheduled  for  June  1-7,  1977. 

B.  Testing 

1.  Upper-Limb  Components 

a.  Internal  Elbow  Assembly.  Hosmer-Dorrance,  Inc.,  Campbell, 
California,  submitted  an  Internal  Elbow  Assembly  for  annual  com- 
pliance testing.  This  assembly  complied  with  the  “Tentative  Spe- 
cifications for  Adult  Size  Elbow,  Artificial,  Internal,  Alternating, 
for  Above-Elbow  Amputees.” 

b.  APRL  Voluntary  Closing  Hook.  Hosmer-Dorrance,  Inc., 
submitted  an  APRL  Voluntary  Closing  Hook  for  annual  compli- 
ance testing.  This  assembly  complied  with  the  “Tentative  Standards 
for  Hook,  Mechanical,  Voluntary  Closing,  for  Upper-Limb  Ampu- 
tees.” 

2.  Lower-Limb  Components 

a.  Positive-Locking  Knee/Shank  Assemblies.  The  United  States 
Manufacturing  Co.,  Glendale,  California,  submitted  severed  Positive 
Locking  Knee/Shank  Assemblies,  model  number  2L104,  for  evalua- 
tion. One  sample  was  tested  on  the  APRL  Cycling  Machine  (Fig. 
25)  to  determine  the  wear  characteristics  of  the  locking  mechanism. 
The  shank  was  flexed  30  deg,  then  returned  to  full  extension,  where 
automatic  locking  occurred.  The  cycling  mechanism  then  unlocked 
the  knee  prior  to  the  next  cycle.  Cyclic  speed  was  0.4  Hz.  The  lock- 
ing mechanism  functioned  properly  for  100,000  cycles,  a satisfac- 
tory performance. 

b.  SACH  Feet.  Four  manufacturers  submitted  samples  for  an- 
nual compliance  testing.  These  tests  were  conducted  in  accordance 
with  “Standards  and  Specifications  for  Prosthetic  F'oot-Ankle  As- 
semblies, VAPC-L-7007-2,  June  1 , 1973.”  All  samples  submitted  by 
the  following  companies  conformed  to  the  requirements:  Wagner 
Orthopedic  Supply  Co.,  Kingsley  Manufacturing  Co.,  Otto  Bock 
Orthopedic  Industry,  and  U.S.  Manufacturing  Co. 
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Figure  25.— Testing  a sample  of  a U^.  Manufacturing  Co.  knee  on  an  APRL  Cycling 
Machine. 


3.  Adcif}tivc  Auotmotivc  Hand  Controls 

The  adaptive  automotive  liand  controls  of  eight  manufacturers 
have  been  tested  and  inspected  for  compliance  with  '‘\’A  Standard 
Design  and  Test  Criteria  for  Safety  and  Quality.”  Thus  far,  all  of 
the  samples  have  complied  with  the  standard.  (The  samples  have 
not  as  yet  been  tested  for  resistance  to  corrosion.) 
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I'lie  samples  submitted  by  the  remainder  of  the  manufacturers 
are  currently  being  tested  and  inspected. 

III.  THE  VAPC  CLINIC  TEAM 

The  statistical  breakdown  (Table  1)  of  tbe  veterans  treated  by 
our  Clinic  I'eam  for  tbe  latter  half  of  1976,  shows  a typical  V'APC 
case  load.  It  is  similar  to  that  shown  in  previous  reports  (BPR  10-25 
and  BPR  10-26). 


DvBLE  Statistical  Breakdown  of  Patient  Disabilities  July  1 to  December  31,  1976 


.Amputation 


Area  of  involvement 

Specific  level  of  involvement 

Number  of  patients 

Lower*limb  unilateral 

Below-Knee 

153 

Above-Knee 

168 

TransmaJleolar  (Syme’s)  , 

17 

Hip  (Disarticulation) 

2 

Partial  Foot 

4 

Lower-limb  bilateral 

Below-Knee 

25 

Below-Knee/Partial  Foot 

1 

A b o ve- K nec/B  elo  w-K  nee 

13 

Above-Knee 

9 

Transmalleolar  (Syme’s) 

1 

Upper-limb  unilateral 

1 Below-Elbow 

1 

1 Above-Elbow 

3 

' Partial  Hand 

2 

Shoulder  (Disarticulation) 

1 

Upper-limb  bilateral 

Above-Elbow 

1 

Below-Elbow 

2 

1 Partial  Hand 

1 

1 

Lower-limb  and 
upper-limb 

Abovc-Knee/Below-Elbow  j 

1 

1 

Triple 

Above-Knee/Below-Knce/Bclow-Elbow 

3 

Above-Knee/Below-Elbow/Above-Elbow 

1 

Above-Knee/Bilatcrai  Above-Elbow 

1 

(410  Total) 
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Table  \ —statistical  Breakdown  of  Patient  Disabilities  July  1 to  December  31,  1976 
(Cont’d). 


Neuromuscular  or  Skeletal  Impairment 


Area  of  involvement 

Specific  level  of  involvement 

Number  of  patients 

Lower-limb  unilateral 

Ankle-Foot 

157 

Knce-Ankle-Foot 

2 

Lower-limb  bilateral 

Ankle-Foot 

17 

Knee-Ankle-Foot 

5 

Knee-Ankle-Foot;  Ankle-Foot 

1 

Upper-limb  unilateral 

Arm-Elbow-Forearm;  Wrist-Hand 

8 

Trunk 

Lumbosacral  spine 

10 

Miscellaneous 

Varied  (Wheelchairs,  shoes,  etc.) 

34 

(234  Total) 

Amputation  and 

Neuromuscular  or  Skeletal  Impairment 

Area  of  involvement 

Specific  level  of  involvement 

Number  of  patients 

Lower-limb  bilateral 

Above-Knee/Knee-Anklc-Foot 

1 

Below-Knee/Ankle-Foot 

1 

Above-Knee/Ankle-Foot 

3 

Lower-limb  and 

Transmalleolar  (Syme’s)/Arm 

1 

upper-limb  bilateral 

Above-Knee/Ankle-Foot;  Paraplegia 

2 

Above-Knee/Arm 

1 

( 9 Total) 
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PROSTHETICS 


Edited  By 

Eugene  F.  Murphy,  Ph.  D.,  Director 

Research  Center  for  Prosthetics 
Veterans  Administration 
252  Seventh  Avenue 
New  York,  N.Y.  lOOOl 


Research  and  Development  in  the  Field  of  Artificial  Limbs 

Mauch  Laboratories 

3035  Dryden  Road 

Dayton,  Ohio  45439 

Hans  A.  Mauch 

Hydraulic  Ankle  Control  System 

Development  has  reached  the  stage  where  shakedown  tests  will 
be  conducted  by  the  Research  Center  for  Prosthetics,  New  York. 
During  this  reporting  period  the  following  has  been  accomplished. 

1 . The  difficulties  encountered  with  noises  originating  from  the 
attachment  areas  for  the  hydraulic  unit  inside  the  aluminum  keel, 
from  the  spherical  bearing  collar  around  the  piston  and  rod  neck, 
and  from  the  elements  for  the  attachment  of  the  piston  rod  tip  to 
the  inside  of  the  extruded  shank  tubing  have  been  resolved.  It  was 
necessary  to  find  a different  solution  for  each  of  the  three  loca- 
tions. There  is  still  a possibility  that  some  noises  will  occur  in  the 
future  as  a result  of  the  effects  of  long-time  wear. 

2.  The  loosening  of  the  keel  screws  has  been  overcome  by 
making  them  of  one  piece  of  hardened  steel,  thicker,  and  with  a 
shallower  pitch  (1/4—28).  In  addition,  their  shoulder  angle  (and 
the  countersink  angle  in  the  keel  screw  holes)  was  changed  from 
120  deg  to  82  deg.  Finally,  non-locking  lleli-Coils  are  used,  all 
this  for  maximum  rigidity. 

3.  An  alternative  polyurethane  foam  compound  for  the  rubber 
foot  has  been  located.  A foot  molded  of  this  compound  with  the 
same  total  weight  showed  better  skin  formation  resulting  in  a 
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touglicr  outside  and  a softer  inside.  No  wear  symptoms  were  found 
after  4 montlis  of  use. 

Foot  molds  for  sizes  9 through  11,  left  and  right,  are  100  per- 
cent completed,  and  for  size  8,  left  and  right,  50  percent  completed. 

4.  .\  pre-production  hydraulic  unit  (No.  4)  has  been  made  using 
improved  measuring  and  machining  methods  and  replacing  the  semi- 
cylindrical  bypass  valve  inside  with  a flat  one,  thus  greatly  simplify- 
ing the  manufacturing  process  for  the  eight  remaining  shakedcjwn 
tests  and  all  future  systems.  The  unit  has  been  test-worn  for  2 
months  without  any  adverse  findings. 

Hydraulic  Knee  Control  System  for  Geriatric  Amputees 

Development  has  been  continued  and  has  resulted  in  a prototype 
design  which  incorporates  the  following  features: 

1 . The  outside  geometry  of  the  hydraulic  system  will  be  com- 
patible with  all  existing  above-knee  legs  which  accept  the  standard 
length  S-N-S  system  and  the  standard  length  swing  control  systems 
of  other  manufacturers.  Its  cylinder  part  will  be  sufficiently  short- 
ened to  permit  the  use,  at  its  lower  end,  of  a crossbolt  instead  of 
the  two  cylinder  studs  presently  needed.  There  will  also  be  suf- 
ficient space  between  this  crossbolt  and  the  underside  of  the  cylin- 
der bottom  for  the  optional  installation  of  the  eccentric  inserts 
which  were  formerly  used  around  the  two  ends  of  the  top  bolt  of 
the  S-N-S  system.  Rotation  of  the  crossbolt  will  then  again  permit 
the  adjustment  of  the  knee  angle  at  full  extension. 

2.  The  stance  control  elements  will  remain  essentially  the  same 
as  in  the  S-N-S  system  except  for  a shortening  of  the  piston  rod  to 
make  possible  the  geometry  described  in  point  1 . The  switch  lever 
at  the  top  of  the  piston  rod  will  be  somewhat  shortened,  to  inter- 
fere less  with  full  length  cosmetic  covers  of  pylon-type  legs. 

3.  The  swing  control  portion  will  be  completely  redesigned  re- 
taining as  much  as  possible  the  swing  characteristics  of  the  S-N-S 
system.  The  displacement,  of  the  hydraulic  fluid  necessary  for  pro- 
ducing flexion  resistance  will  be  provided  by  the  volume  of  the 
piston  rod  itself  during  its  downward  motion  into  the  cylinder. 
The  amount  of  fluid  displacement  obtained  in  this  manner  is  slight- 
ly more  than  that  produced  in  the  S-N-S  system  for  the  same 
purpose  by  a special  small  piston. 

The  fluid  displacement  necessary  for  the  extension  resistance, 
including  terminal  deceleration,  is  obtained  by  letting  a shoulder 
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at  the  lower  end  ol  tlie  piston  rod  enter  a closed  cylindrical  space 
during  its  upward  motion. 

I'he  characteristic  prol'iles  ol'  the  llexion  and  e.xtension  resistance, 
respectively,  are  achieved  In’  specially  shaped  recessed  areas  on  the 
surface  of  the  piston  rod,  which  in  conjunction  with  recessed  areas 
in  the  surrounding  elements,  provide  escape  ports  for  the  hydraulic 
lluid  which  vary  during  the  piston  rod  motion  in  an  appropriate 
manner. 

The  necessary  adjustments  of  the  swing  resistances  for  the  in- 
dividual user  are  produced  by  turning  these  surrounding  elements 
relative  to  the  piston  rod.  Since  these  elements  are  attached  to  the 
cylinder  wall,  turning  of  the  cylinder  within  the  cylinder  bottom 
will  adjust  both  the  llexion  and  extension  resistance  simultaneously 
in  a biilanced  manner,  thus  eliminating  the  need  for  separate  ad- 
justments which  led  to  confusion  in  many  cases. 

4.  Great  care  has  been  devoted  in  the  design  to  the  “air  manage- 
ment” problem,  which  means  the  design  features  which  will  reduce 
the  likelihood  of  air  getting  into  the  wrong  places  inside  the  hydrau- 
lic system  during  unusual  (horizontal  or  upside  down)  working 
positions,  and  which  will  speedily  eliminate  air  which  docs  get  into 
the  wrong  places,  as  soon  as  normal  walking  motions  arc  resumed. 

5.  A special  effort  has  been  made  to  avoid  as  much  as  possible 
mechanical  friction  throughout  the  hydraulic  system  and  to  reduce 
its  weight  and  cost,  all  especially  important  for  a geriatric  amputee. 

Testing  of  various  basic  design  elements,  particularly  for  the 
radically  new  swing  control,  has  started.  No  insurmountable  diffi- 
culties have  been  encountered  so  far  and  there  seems  to  be  a good 
chance  that  the  resulting  hydraulic  system  will  not  be  restricted  to 
the  use  in  geriatrics,  but  may  develop  into  a successor  to  the  present 
S-N-S  system,  with  a lower  price  and  longer  life  expectancy. 

No  reportable  progress  was  made  in  the  development  of  the 
Voluntarily  Actuated  Swing  and  Stance  Control  System  because  of 
higher-priority  work. 

New  Three-Part  Knee  Bolt  Design 

The  development  of  the  Three-Part  Knee  Bolt  is  completed.  In 
October,  drawings  (Fig.  1-5),  sample  bolt  assemblies  including  side 
straps,  and  a typical  bid  for  the  manufacturing  of  these  bolts  in 
quantity  have  been  made  available  through  the  V'A  to  interested 
suppliers.  The  new  bolt  design  has  the  following  advantages: 

1 . Closer  control  of  side-play  on  the  knee  bolt. 
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Figure  l.-Knee  bolt.  The  shop  drawing  reproduced  here  also  carried  notes  as  follows: 
1.  Both  threads  and  o.d.  must  be  concentric  within  .005  T.I.R.,  and  coaxial  with  each 
other  and  square  with  bolt  ends  within  .002  in.  per  in.  2.  Remove  all  burrs.  The  material 
was  noted  to  be  5/8  o.d.  3/16-wall  seamless  steel  tube. 
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PlGURE  5.— Thread  data,  three-part  knee  bolt, 


f 


2.  All  parts  arc  positively  inlcrlockctl  (no  slippattc  or  noise  at 
load  reversal). 

3.  No  left-hand  thread  needed  to  prevent  holt  rotation  in  either 
direction. 

4.  Disassembly  can  start  from  either  side  of  tlic  leg. 

5.  Fewer  different  parts  (both  screws  and  both  straps  are 
identical). 

6.  Low  price. 

In  November  1976,  final  bolt  assemblies  were  sent,  for  exchange 
in  the  24  existing  test  slianks,  to  the  VA  Prosthetics  Center  in  New 
York  and  to  all  prosthetists  involved  in  the  field  tests. 


Stump  Stress  .\nalysis 
Research  Center  for  Prosthetics 
Veterans  .Administration 
252  Seventh  Avenue 
New  York,N.Y.  10001 
Leon  Bennett,  M.A.E. 

Within  this  report  period,  Mr.  Bennett  left  his  position  with  NYU 
to  accept  a position  at  the  Research  Center  for  Prosthetics  of  the 
VA.  While  the  effort  concerning  stump  stress  will  continue  at  the 
VA,  there  has  been  a hiatus  during  which  a suitable  laboratory  fa- 
cility will  be  prepared.  It  is  anticipated  that  research  efforts  will 
resume  in  the  summer  of  1977. 


126 


Other  VA  Research  Programs 


Prosthetics  Research 

Northwestern  University,  Prosthetics  Research  Uahoratory 
Room  1441, 345  Superior  Street 
Cliicago,  Illinois  6061 1 

Robert  G.  Thompson,  M.D.,  and  Dudley  S.  Childress,  Ph.  1). 
Synergetic  Hook  and  Hand 

Twelve  prototypes  of  the  synergetic  hook,  a powered  terminal 
device  developed  in  this  lal)oratory,  have  been  produced  by  a manu- 
facturer under  a Veterans  Administration  Prosthetics  Center  (\’APC) 
contract.  These  prototypes  are  to  be  evaluated  in  a small  clinical 
study  coordinated  by  the  Research  Center  for  Prcjsthetics  and  di- 
rected by  the  V^APC.  The  hook,  which  is  interchangeable  with  a 
hand,  is  shown  in  Figure  6.  The  amputee  pictured  in  Figure  6 is  pre- 
paring to  attach  the  hook  to  the  prosthesis. 

Specifications  for  the  synergetic  hook  are  as  follows: 

1 . Closing/opening  rate,  ty|)ically  >4  rad/s; 

2.  Closing  time  from  full-open  position  = 350  ms; 

3.  Maximum  opening  s 80  deg  (4.25  in.  between  fingertips); 
and. 


Figure  6. -synergetic  hook,  which  is  interchangeable  with  a hand.  Amputee  is  shown 
preparing  to  attach  the  hook  to  the  prosthesis. 
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4.  Maximum  pinch  force  a 25  Ihf  (111  N). 

Patients  fitted  with  this  device  have  responded  favorably  to  its 
performance. 

Preliminary  success  with  the  synergetic  hook  lias  resulted  in  the 
development  of  a synergetic  hand  in  this  laboratory.  Phis  hand  is 
based  on  the  same  design  principles  as  the  synergetic  hook.  Prob- 
lems associated  with  a cover  and  glove  for  this  hand  are  being  ex- 
amined. I'he  soft  inner  liner  and  glove  must  be  very  flexible  in  order 
not  to  inliibit  the  “fast”  fingers  of  the  synergetic  hand. 

I'he  synergetic  hand  is  desirable  to  complement  tlie  synergetic 
hook  because  interchangeable  iiands  and  hooks  should  have  dy- 
namic responses  which  are  similar.  One  hand  has  been  fabricated 
in  the  laboratory  and  attempts  to  develop  suitable  cosmetic  covers 
are  underway. 

Further  development  of  the  synergetic  hook/hand  and  associated 
Controls  is  exmtinuing.  It  is  desirable  to  reduce  battery  size  in  order 
to  minimize  weight,  and  to  make  possible  a control  unit  which  is 
compatible  for  wrist-disarticulation  amputees  as  well  as  other 
below-elhow  amputees. 

Above-Elbow  Prosthesis  Control 

Dr.  David  Simpson’s  concepts  of  extended  physiological  proprio- 
ception (e.p.p.)  are  being  followed  in  the  development  of  an  elec- 
trically powered  arm  having  three  degrees  of  freedom.  laboratory 
model  for  control  of  a powered  elbow  has  been  constructed.  A hy- 
draulic link  is  being  examined  to  form  the  connection  between  in- 
put and  output.  In  tliis  way  the  output  can  be  reflected  at  the  in- 
put without  the  orientation  demands  necessary  for  cable  linkages. 
The  object  of  the  work  is  to  construct  a controller  and  arm  which 
permit  subconscious  control  of  several  degrees  of  freedom  for  the 
shoulder-disarticulation  amputee. 

Lightweight  Below-Knee  Prosthesis 

Seven  below-knee  amputees  (two  bilateral)  have  been  fitted  with 
nine  lightweight  prostheses.  The  lightweight  prostheses  have  been 
favorably  received  and  have  particular  advantages  for  the  geriatric 
amputee.  Attempts  are  being  made  to  improve  the  fabrication 
process,  to  improve  cosmesis,  and  to  develop  alternate  suspension 
techniques.  Prostheses  ;ilready  fitted  and  in  use  are  now  being 
modified  or  replaced— this  is  instead  of  fitting  more  recently  de- 
veloped versions  to  new  subjects. 
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Thoracic  Suspension  Harness 

The  thoracic  suspension  harness  continues  to  he  evaluated  on 
above-elbow  amputees.  This  technique  has  also  been  applied  suc- 
cessfully on  subjects  with  orthotic  problems. 

Atmospheric  Pressure  Suspension  Systems 

T wo  self-suspending  prostheses  for  above-elbow  amputations  are 
being  fabricated.  Atmospheric  pressure  suspension  (APS)  of  pros- 
theses was  examined  extensively  in  this  laboratory  a few  years 
ago.  The  technique  was  successful  but  there  were  problems  with 
socket  materials  and  the  fabrication  technique  was  not  simple 
enough  for  wide  use.  Also,  a cast  modification  approach  which  was 
applicable  to  a wide  range  of  amputees  was  not  thoroughly  de- 
veloped. 

One  socket  will  be  used  with  myoclcctrically  controlled  hand 
prostheses  and  Otto  Bock  arm  pylon.  T he  other  socket  is  for  a'con- 
gcnital  amputee  who  wishes  a prosthesis  for  playing  racquet  ball. 

Northwestern  University  Below-Elbow  Socket 

A casting  technique  using  alginate  is  being  developed  for  below- 
clbow  sockets.  T he  socket  design  as  originally  proposed  by  John  N. 
Billock  calls  for  an  undistorted  impression  of  the  limb  to  be  taken. 
A casting  fixture  which  automatically  sets  proper  elbow  flexion 
and  which  contains  the  alginate  has  been  constructed.  The  method 
is  simple  and  not  expensive.  When  coupled  with  hillock’s  cast 
modification  scheme,  and  cellulose  acetate  butyrate  (CAB)  for  a 
check  socket,  it  is  possible  to  obtain  excellent  prosthetic  fittings. 


Fundamental  and  Applied  Research  Related  to  the  Design  and 
Development  of  Upper-Limb  Externally  Powered  Prostheses 
University  of  California,  Los  Angeles 
School  of  Engineering  and  Applied  Science 
Biotechnology  Laboratory,  3116  Engineering  1 
Los  Angeles,  California  90024 

John  H.  Lyman,  Ph.  D.,  Amos  Frecdy,  Ph.  D.,  Ronald  Prior,  Ph.  D., 
and  Moshe  Solomonow,  Ph.  D. 

Control  of  an  Artificial  Limb  with  Several  Degrees  of  Freedom  of  Motion 

Work  at  the  Biotechnology  Laboratory  during  the  period  of  June 
1976  through  December  1976  concentrated  on  the  following 
subjects; 

1 . Development  and  assembly  of  a microprocessor  control  system 
for  a prosthesis  with  three  degrees  of  freedom  of  motion; 
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2.  Development,  I'inalization,  anti  testing  of  pattern  recognition 
for  a given  amputee  subject; 

3.  Continuation  of  the  investigation  of  proper  codes,  pulse  widths, 
and  phase  shift  parameters  to  optimize  clcctrotactile  informa- 
tion transmission  for  sensory  feedback  purposes  from  a pros- 
thesis with  three  degrees  of  freedom  of  motion. 

An  RCA-COSMAC  microcomputer  development  system  was  pur- 
chased to  develop  the  control  system  hardware  and  software  for  the 
prosthesis.  This  system  includes  the  microprocessor  kit,  COSM.\C 
microkit  interface  with  an  1802  emulator,  and  COSMAC  floppy 
disk  system.  The  various  components  were  set  up,  interfaced,  and 
debugged.  In  addition,  the  microprocessor  was  assembled  in  a belt- 
mounted  package  6 in  X 4 in  X li/2  in.  The  continuation  of  the 
work  awaits  shipment  of  the  memory  chips  from  RCA. 

The  amputee  experiments  included  the  demonstration  of  myo- 
electric control  in  conjunction  with  pattern  recognition  techniques. 
The  experimental  setup  is  composed  of  the  following  components 
(shown  in  the  block  diagram  of  Figure  7): 

1.  The  computer  (an  Interdata  Model  70)  with  its  associated 
peripheral  support  equipment; 


Figure  7.— Hardware  components  for  experiment. 
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2.  The  A/D  converter  and  nine  pairs  of  myoelectric  signal 
(MES)  amplifiers,  and 

3.  A prosthesis  with  three  degrees  of  freedom  of  motion. 

The  amputee  sat  in  a chair  with  nine  electrodes  (plus  a ground) 
attached  to  the  body  (Fig.  8).  The  experimenter,  in  conjunction 
with  the  subject,  trained  the  computer  to  recognize  myoelectric 
signals  (MES)  from  the  electrodes.  The  computer  then  used  a pat- 
tern recognition  technique  called  the  Nearest  Neighbor  Classifier 
(NNC)  to  determine,  from  the  incoming  MES,  which  motors  of  the 
prosthesis  to  actuate  (i.c.,  how  to  move  the  prosthesis). 


Figure  8.— Typical  placement  of  electrodes  on  a subject’s  body. 


The  prosthesis  was  attached  to  a test  stand  located  near  the  sub- 
ject and  properly  oriented  in  relation  to  the  amputated  arm.  Three 
degrees  of  freedom— elbow,  wrist,  and  hand  (opening  and  closing)— 
were  available  for  computer  control. 

Results 

The  first  experiments  were  used  to  determine  the  relation  of 
MES  inputs  to  system  performance.  A single  group  of  nine  MES  in- 
puts (one  for  each  electrode)  can  be  used  by  NNC  or  many  such 
groups  can  be  read  in,  averaged,  and  used.  Experiments  determined 
that  averaging  together  128-144  such  groups  (each  group  composed 
of  nine  electrode  signals)  resulted  in  better  prosthesis  control.  This 
may  be  because  of  the  sample  size  or  because  of  the  delay  caused 
by  more  input:  this  remains  to  be  determined. 
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I^tcr  cxpi-rinK-ius  CDiicciiiraiccl  nil  training  several  degrees  of 
freedom  'lue.  Results  of  iliese  experiments  showed  that  the  sub- 
ject couh.  vonirol  elbow,  wrist,  and  hand  movements  independent- 
ly. Some  coordinated  movements  were  also  trained  with  reasonable 
results.  These  were:  a combination  of  elbow  flexion  and  wrist  pro- 
nation, and  a combination  of  elbow  extension  and  wrist  supination. 
(.-\ltbough  the  combinations  of  elbow  ilexion-and-supination,  and 
elbow  extension-and-pronation,  are  considered  more  functional 
patterns  of  motion,  the  subject  was  easily  trained  to  control  these 
motions.)  Control  over  nine  functions  was  obtained  in  some  ex- 
periments (elbow  llexion,  elbow  extension,  wrist  pronation,  wrist 
supination,  band-open,  band  close,  combined  elbow  flexion  and 
wrist  pronation,  combined  elbow  extension  and  wrist  supination, 
and  rest  (no  movement)). 

Klcctrode  placement  was  found  to  be  important  in  obtaining 
good  control.  Better  electrode  placement  resulted  in  more  distinct 
NIKS  inputs  and  allowed  the  coiTiputcr  to  make  a movement  deci- 
sion more  accurately. 

'The  investigation  of  the  response  of  tactile  sensation  to  electrical 
stimulation  via  two  adjacent  electrodes,  in  order  to  determine  the 
two-point-discrirnination  threshold  as  a function  of  frequency, 
pulse  width,  and  phase  shift  within  the  two  pulses,  is  being  con- 
tinued. Current  data  are  too  preliminary  for  reliable  results. 

Design  of  Prosthetic  and  Ortbotic  Devices  and  Biomechanical 

Studies  of  Locomotion 
Biomechanics  Laboratory 
University  of  California,  Berkeley 
5144  Etcheverry  Mall 
Berkeley,  California  94720 

Charles  VV.  Radcliffe,  Don  M.  Cunningham,  and  James  .M.  .Morris, 

M.D. 

Design  of  Lower-Limb  Prosthetic  and  Orthotic  Devices 

1 . Four -Bar-Linkage  Polycentric  Pneumatic  Knee 

Further  development  of  cosmetic  covers  for  the  four-bar  knee 
was  undertaken  in  response  to  feedback  from  a commercial  vendor 
who  quoted  very  high  prices  for  the  two  main  parts  of  the  original 
knee  fairing.  A new  one-piece  preshaped  fairing  of  semiflexihle 
foam  has  been  designed  to  reduce  costs  and  provide  a resilient  knee 
with  improved  cosmesis  and  simplified  assembly.  Construction  of  a 
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mold  for  the  knee  fairing  has  begun.  I’lie  new  design  also  allows  sig- 
nificant simplifications  in  the  spherical  alignment  coupling  and 
socket  attachment. 

2.  Six-Bar- Linkage  Unit  with  Friction  Swing-Control 

Twelve  units  were  produced  by  the  Navy  Prosthetics  Research 
Laboratory  (NPRL)  in  Oakland,  California.  Tests  on  four  subjects 
have  revealed  generally  good  function  but  inadequate  strength  in 
the  proximal  bearings.  .\  design  revision  to  achieve  greater  bearing 
resistance  to  lateral  bending  moments  was  undertaken. 

3.  Friction-Stabilized  Knee 

'The  knee-brake  of  the  friction-stahilized  knee  is  designed  to  en- 
gage at  heel  contact  but  automatically  release  when  weight  is  trans- 
ferred to  the  forefoot.  This  automatic  control  is  achieved  by  ap- 
propriate alignment  of  a swinging  link  that  carries  the  brake  and 
knee  bolt.  The  first  prototype,  reported  earlier,  was  unsatisfactory’ 
because  the  brake  re-engaged  as  soon  as  the  knee  was  bent  just  prior 
to  toe-off,  preventing  the  desired  smooth  entry  into  swing  phase. 
A second  prototype,  completed  during  the  present  report  period, 
effectively  corrected  these  stance-phase  problems  by  relocating  the 
swinging  link  in  the  shank,  distal  to  the  knee  bolt. 

Another  design  goal  was  to  obtain  a useful  swing-contr(jl  func- 
tion by  means  of  the  same  brake  that  provides  knee  stability  at 
heel  contact.  However,  the  new  unit  could  not  be  adjusted  to  pro- 
vide a smooth  and  reliable  swing-control  torque  because  of  a foot- 
heavy  distribution  of  mass  in  the  shank.  l)e\'clopment  will  continue. 

4.  Tube  Couplings  for  Modular  Frotheses 

Eight  units  of  the  simplified  version  of  the  internal  expanding 
Coupling  for  VA  standard  35mm  pylon  tubing  have  undergone 
amputee  or  machine  tests.  These  include  two  couplings  built  into 
the  metal  keel  SACll  feet,  three  couplings  for  conventional  S.\C11 
feet,  and  three  distal  knee  couplings.  No  problems  with  strength 
have  appeared,  but  occasional  difficulties  in  releasing  the  couplings 
after  test  were  encountered.  A search  for  a more  suitable  materi;d 
for  the  expansion  collar  will  be  undertaken. 

5.  SACll  Foot  with  Metal  Keel 

Two  additional  models  of  the  previously  reported  aluminum 
keel  SACll  foot,  with  integral  pylon  coupling  and  solid  rubber 
cushion  at  the  forefoot,  were  molded  with  the  aid  of  NPRL.  One 
was  tested  by  Hosmer-Uorrance  Corp.  for  80,000  cycles  of  simu- 
lated walking  and  the  other  was  worn  by  an  above-knee  amputee 
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for  approximatch  3 months.  At  the  end  of  these  tests,  botli  feet 
had  worn  through  tlie  molded  loam  under  tlic  forefoot  to  expose 
the  solid  rubber  cushion.  The  tip  of  the  rubber  cushion  had  frac- 
tured in  the  machine-tested  model.  The  aluminum  keels  and  pylon 
couplings  showed  no  structural  problems,  but  the  coupling  on  the 
machine-tested  unit  was  difficult  to  remove  after  the  test.  Refine- 
ment of  this  design  will  continue. 

Biomechanical  Studies  of  Human  Locomotion 

1.  Gait  Dynamics 

.•\nalysis  of  joint  work  and  segment  energy-  was  interrupted  by 
the  departure  of  Dr.  .\I.  Zarrugh  from  the  laboratory  to  assume 
an  academic  position  elsewhere. 

.•\s  a continuation  of  previously  reported  studies  of  gait  dy- 
namics, kinematic  data  from  six  additional  normal  male  subjects 
were  obtained  on  the  treadmill  at  each  of  six  different  speeds. 
Simultaneous  recordings  were  obtained,  by  use  of  string  transducers 
and  electrogoniometers,  of  pelvis  motions  (three  linear  and  three 
angular)  and  flexion  angles  of  the  right  hip,  knee,  and  ankle. 

Considerable  variation  among  subjects  was  observed.  Compari- 
sons with  previous  data  and  with  data  from  otlier  laboratories  re- 
vealed some  unusual  characteristics  in  the  vertical  motion  curves.  It 
is  suspected  that  these  may  be  artifacts  resulting  from  the  nature 
of  the  body  attachments  used.  Based  on  experience  with  the  clinical 
goniometers,  revisions  of  the  laboratory  instrumentation  were 
undertaken  to  include  both  right  and  left  legs  and  to  provide  a 
more  precise  reference  of  body  segment  positions  to  the  vertical. 

2.  Unequal  Let;  Length  and  Low  Back  Bain 

Unilateral  low -back-pain  in  patients  with  unequal  leg  lengths  has 
been  the  subject  of  a collaboratise  project  with  a local  physician. 
The  first  order  of  business  has  been  to  develop  reliable  objective 
methods  for  assessing  inequality  of  leg  length.  X-ray  exposures 
have  been  made  to  check  the  accuracy  of  a non-invasive  technique 
that  uses  a leveling  frame  in  contact  witli  right  and  left  iliac  crests. 
In  practice,  lifts  are  placed  under  the  short  leg  until  the  level  in- 
dicates that  pelvic  list  has  been  eliminated. 

Considerable  difficulty  was  encountered  in  trying  to  obtain  re- 
liable leg  length  measurements-cven  from  the  X-ray  exposures. 
To  obtain  good  correlation  between  the  size  of  the  lift  placed  under 
the  foot  and  the  amount  of  lift  at  the  femoral  head  indicated  by 
the  X-ray  exposure,  it  was  necessary  to  take  four  precautions: 
(i)  include  an  independent  horizontal  reference  in  each  exposure. 
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(ii)  control  the  spacing  between  the  feet,  (iii)  position  the  X-ray 
source  at  the  level  of  the  higher  femoral  head,  and  (iv)  insure  that 
both  knees  are  extended  at  the  instant  of  exposure.  On  patients 
without  marked  asymmetrv'  of  the  pelvis,  the  non-invasive  tech- 
nique appears  to  be  quite  accurate. 

Following  development  of  reliable  methods  for  static  assess- 
ment of  leg  length  inequality,  an  attempt  will  be  made  to  identify 
d\  namic  gait  measurements  that  can  be  used  to  assess  functional  leg 
length  inequality  and  to  help  with  assessments  of  the  therapeutic 
value  of  corrective  lifts. 

3.  Instrumentation  for  Clinical  Gait  Evaluation 

.As  previously  reported,  a portable  measurement  system  for 
clinical  gait  evaluation  was  developed  as  a simplified  outgrowth  of 
special  instruments  that  had  been  designed  for  kinematic  measure- 
ments in  the  locomotion  laboratory.  The  system  includes  four  basic 
elements:  (i)  an  instrumented  walkway  for  measurement  of  average 
velocity,  step  duration,  and  step  length  in  completely  unencum- 
bered patients;  (ii)  a lightweight  set  of  precalibrated  self-aligning 
goniometers  for  simultaneous  measurement  of  flexion  angles  at 
both  hips  amd  both  knees;  (iii)  foot  switches  for  use  with  the  elec- 
trogoniometers to  detect  hindfoot  and  forefoot  contact  of  both 
feet;  and,  (iv)  an  oscilloscope  display  that  simultaneously  presents 
hip-knee  angle  diagrams  for  both  left  and  right  legs. 

The  angle  diagrams  are  X-Y  plots  of  hip  flexion  versus  knee 
flexion.  They  are  desirable  because  they  clearly  show  interaction 
between  hip  and  knee  during  walking,  and  they  allow  superposi- 
tion of  successive  walking  cycles  without  the  need  for  oscilloscope 
synchronization.  Changes  in  hip-knee  coordination  cause  evident 
changes  in  the  shapes  of  the  patterns,  as  do  changes  in  walking 
speed.  Photographs  of  the  diagrams,  along  with  records  of  velocity, 
step  length,  and  step  duration,  are  filed  in  the  patient’s  medical 
records. 

During  June  of  1976,  a test  of  this  system  was  undertaken  in 
collaboration  with  the  Walking  School  of  the  Department  of 
Orthopaedic  Surgery,  University  of  Uppsala,  in  Sweden.  During  the 
summer  the  system  was  installed  and  tested  and  an  experimental 
protocol  was  established.  Tests  of  patients  are  to  continue  for  ap- 
proximately one  year  with  particular  attention  to  amputees  and 
candidates  for  total  joint  replacement.  As  of  January  1,  1977,  22 
patients  had  been  examined,  including  6 above-knee  and  3 below- 
knee  amputees,  and  8 preoperative  and  5 postoperative  joint- 
replacement  patients. 
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Experience  with  the  system  to  date  provides  a basis  ff)r  some 
preliminary  observations  and  conclusions— 

The  hip-knee  angle  diagrams  are  an  effective  display  for  illus- 
tration of  hip-knee  coordination  and  die  effects  of  reduced  hip 
and  knee  joint  mobility. 

With  the  exception  of  the  foot  switches,  which  were  trouble- 
some, the  system  was  easy  to  apply,  reliable,  and  effective  at  docu- 
menting several  significant  gait  variables. 

Automatic  processing  and  display  of  foot  switch  data  (which  is 
not  possible  with  the  present  system)  would  be  an  essential  feature 
for  a truly  practical  clinical  instrument. 

On  the  10-meter  walkway,  a single  electrical  cable  connected  to 
the  patient  presented  little  or  no  difficulty  during  the  testing. 

The  ability  to  measure  velocity,  step  length,  and  step  duration 
both  before  and  during  instrumented  runs  is  a valuable  safeguard 
against  alteration  of  the  patients’  gait  by  the  goniometers. 

Precalibration  of  sensitivity  and  zero  settings  of  the  goniometers 
is  absolutely  essential  for  a simple  and  quick  experimental  pro- 
cedure. 

Mobility  Aids  for  the  Physically  Handicapped 

1.  PRAHN  Wheelchair 

The  Berkeley  tests  of  the  preproduction  PRAHX  (Powered,  Re- 
clining, Adjustable-Height,  and  Narrowing)  wheelchairs  suggested  a 
number  of  design  changes,  primarily  larger  batteries  and  motors, 
increased  ground  clearance,  and  smaller  rear  wheels  to  better  clear 
the  armrest.  The  redesign  incorporating  these  changes  is  well  under 
way,  with  working  drawings  expected  in  October  1977.  The  new 
chair  will  incorporate  a linkage  for  properly  constrained  recline 
kinematics,  as  well  as  a spring  suspension  and  curb-climber  option. 

A.  Fail-Safe  Brake.— \ solenoid  actuated  brake,  that  is  activated 
when  the  power  to  the  solenoid  is  interrupted,  has  been  designed 
and  is  currently  being  tested  on  the  spring  suspension  powering 
unit.  The  brake  will  also  be  used  on  the  new  PRAHX  wheelchair. 

B.  Spring  Suspension  Poieering  t’ln't.— The  spring  suspension 
powering  unit  has  continued  to  perform  well.  Further  developments 
have  been  made  and  there  are  plans  to  make  ten  of  these  locally. 

2.  Urinal  Bag  Clamp 

.\  urinal  bag  tube  clamp  has  been  designed  tiuit  iillows  a quadri- 
plegic to  emptt'  liis  urinal  bag  with  a liglit  pull  of  a string.  Initial 
tests  have  been  very  successfid. 
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iniiiicdiaU'  I’ostoporativc  Prosllicscs  Research  Study 

Prostlietics  Research  Studs 

Kklind  Hall,  Room  409 

I 102  (lolumhia  Street 

Seattle,  Washington  98104 

Krnest  M.  Burgess,  M.I). 

VAH  Seattle  Amputee  Service 

The  Prosthetics  Research  Study  stall  has  maintained  an  active  re- 
lationship with  the  clinical  services  at  the  \'AI I,  Seattle,  Wash.,  and 
at  its  Prosthetic  Treatment  Center.  The  injiatient  amputee  service 
is  under  the  direction  and  supervisiem  oi  the  PRS  stall.  This  stall 
includes  three  attending  surgcr)ns  and  a research  physiciil  therapist 
who  is  based  at  the  \'.\1I,  Seattle,  Department  cd'  Physical  .\letlicine 
and  Rehabilitation.  Research  prosthetic  service  and  technician  ;is- 
sistance  arc  also  provided  to  the  V'eterans  .Administration  llospilid, 
as  rcciuired,  for  proper  conduct  of  the  .Amputee-Prosthetic  Service. 
.A  program  of  rounds  each  week  with  both  the  GenenJ  and  Ortho- 
pedic Surgical  Services,  and  occasionally  the  Rehabilitation  Medicine 
Service,  is  conducted.  Our  staff  also  jrarticipates  in  the  twice  month- 
ly amputee  discussion  sessions,  which  provide  an  on-going  educa- 
tional service  for  inpatient  and  outpatient  amputees. 

During  the  time  inter\;tl  covered  by  this  report,  39  amputation 
procedures  were  performed  by  or  under  the  direct  supervision  of 
PRS  surgeons;  145  rigid  dressing  changes  were  carried  out;  and  8 
patients  were  treated  by  tbe  Controlled  Knvironmem  Treatment 
system.  The  readily  available  inpatient  consultation  service  pro- 
vides a valuable  liaiscrn  between  the  study  group  and  the  clinical 
personnel  at  V.All. 

Prosthetic  clinics  are  held  3 times  per  month  at  the  Prosthetic 
Treatment  Center,  X'.All.  During  the  6-month  period,  185  out- 
patients were  assessed  for  various  [rrosthetic  problems.  Time  is 
allotted  at  ibese  clinics  and  on  inpatient  rounds  to  give  all  pbysicJ 
therapy  students  affiliated  at  V.All  an  opportunity  to  work  with 
and  to  learn  about  amputees.  Time  is  itlso  spent  with  residents  on 
the  Rehabilitation  Medicine  Ser\  ice.  A'isitors  are  welcome  and  are  in 
frequent  attendance  at  tbe  clinics  and  at  tbe  inservice  rounds. 

The  I’RS-.Moorc  Load  Celt  continues  to  be  ev;iluated  by  our 
physical  therapy  staff  at  the  hospital. 

Some  experimental  work  has  been  performed  in  residual  limb 
muscle  traininir,  using  either  biofeedback  or  a modified  pressure 
cuff.  Records  on  research  patients  are  kept  both  at  X'.All  and  at 
PRS. 
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Amputee  Discussion  Groups 

A patient  discussion  group  was  initiated  in  June  197G.  I'lie  main 
goid  was  to  bring  patients  together  in  a semi-s(jcial  setting  to  ex- 
change information  concerning  prostheses,  surgery,  and  amputee 
life,  as  well  as  how  to  cope  with  the  general  hospital  system.  Ad- 
ditional goals  were  to  help  alleviate  patients’  feelings  of  helpless- 
ness, isolation,  and  depression,  and  to  facilitate  staff  awareness  of 
psychosocial  factors  wliich  inOuence  patient  rehabilitation. 

The  group,  arranged  and  coordinated  by  the  physical  therapist, 
meets  for  1 hour  twice  a month.  ,\11  inpatients,  and  those  out- 
patients who  can,  arc  encouraged  to  attend,  verbalizing  their  opin- 
ions and  suggesting  topics  of  discussion.  Different  speakers  are 
arranged  for  each  session,  and  these  have  included  physicians, 
nurses,  physical  therapists,  occupational  therapists,  prosthetists, 
social  workers,  recreational  therapists,  and  other  amputees.  Topics 
have  included  peripheral  vascular  disease,  diabetes  mcllitus,  pros- 
thetic fabrication,  care  and  cost  of  prostheses,  diabetic  foot  care, 
residual  limb  management  and  pain,  driver  training,  psychosocial 
adjustment,  sex,  sports  and  recreation.  Several  movies  designed  for 
patient  viewing  have  been  used.  Approximately  10  to  15  patients 
attend,  and  because  of  their  positive  reactions,  we  plan  to  continue 
the  meetings. 

Functional  Capabilities  Survey 

The  aims  of  the  functional  capabilities  survey  were  to  obtain  in- 
formation directly  from  the  patients  on  activities  generally  con- 
sidered essential  for  daily  living,  vocational  and  extra-ambulatory 
activities,  living  arrangements  and  adjustments  in  them,  as  well  as 
feedback  on  what  professionals  in  the  rehabilitation  field  should  be 
doing  to  maximize  the  amputee’s  lifestyle.  We  also  attempted  to 
ascertain  what  relationship  level  of  amputation,  age,  and  cause  of 
amputation  had  to  patient  rehabilitation  achieved. 

Controlled  Environment  Treatment 

Our  preliminary'  evaluation  of  20  below-knee  amputations  man- 
aged postoperatively  with  Controlled  Environment  Treatment 
(GET)  has  been  submitted  for  publication.  To  date,  we  have  utilized 
CET  in  32  cases  and  presently  continue  to  study  this  system  of 
management  as  an  alternative  to  the  Immediate  Postoperative 
Prosthesis  Management  (IPP.M)  and  as  a means  of  edema  control. 

Patients  managed  with  either  postoperative  method  undergo 
Xenonl^S  testing  to  assess  skin  blood  flow  in  the  ischemic  limb. 
Those  cases  utilizing  CET  provide  additional  information  by  means 
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of  a small  strain  gage  siiturccl  adjacent  to  tlic  operative  site,  which 
continuously  rellects  and  records  fluctuations  in  residual  limb 
volume.  These  data,  in  addition  to  clinical  observations  of  wound 
healing  progress,  levels  of  pain,  and  reliabilitation,  constitute  the 
second  phase  of  tliis  study. 

We  have  recently  allocated  a CET  unit  to  Harborview  .Medical 
Center,  affiliate  of  the  University  of  Washington  School  of  .Medi- 
cine, Seattle,  to  evaluate  its  use  in  treatment  of  severely  trauma- 
tized limbs.  A smaller  version  of  the  CET,  the  MACE,  has  been 
developed  by  PRS  and  loaned  to  Dr.  Frederick  A.  .Matsen,  111,  at 
the  University  of  Washington  for  basic  animal  research  of  pressure/ 
circulation  relationships  in  skin  and  muscle.  Results  of  these  studies 
will  enable  us  to  establish  optimum  CET  pressure/time  cycle 
parameters  in  clinical  application. 

In  October  1976,  PRS  met  with  representatives  of  the  British 
CAPE  Engineering  Company  to  discuss  our  clinical  experience  with 
CET  as  a partial  basis  for  its  use  once  it  becomes  commercially 
available. 

Modulated  Air  Controlled  Environment  (MACE) 

We  have  designed  a unit,  MACE  (Modulated  Air  Controlled  En- 
vironment), in  an  effort  to  reduce  the  size,  weight,  and  cost  of  the 
CET  system  without  compromising  its  efficiency.  This  unit  is  one- 
sixth  the  size  of  the  CET.  It  does  not  have  nor  need  the  sterile  en- 
vironmental capabilities  of  the  CET.  The  MACE  unit  was  evaluated 
by  the  local  N.F.L.  football  team  of  which  seven  players  with 
various  knee  and  ankle  sprains  were  treated.  Only  one  player  re- 
ported negligible  results  in  reduction  of  edema,  while  the  remainder 
had  an  estimated  25  to  75  percent  reduction  in  edema.  Further 
evaluation  and  modifications  of  the  equipment  will  be  conducted 
in  the  coming  year. 

Rancho  Edema  Control  System 

Rancho  Los  Amigos  Hospital,  Downey,  California,  has  been 
working  on  a project  similar  to  the  MACE;  i.c.,  the  Rancho  Edema 
Control  System.  We  are  presendy  evaluating  four  units  and  have 
submitted  preliminary  reports  to  VAPC,  New  V'ork,  and  to  Rancho 
Los  Amigos  Hospital. 

Xenon  133  Testing 

Lower  limb  skin  blood  flow  research,  as  it  relates  to  amputation 
level  determination,  continues  at  PRS  with  the  assistance  of  the 
University  of  Washington,  Department  of  Bioengineering.  To  date, 
radioactive  Xenoniss  has  been  administered  intracutaneously  to 
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19  below-knce  amputees.  Comparison  and  evaluation  of  pre-  and 
post-operative  Hows  in  the  first  20  cases  are  to  be  reported  in  a 
forthcoming  publication  jointly  prepared  by  I’RS  and  the  Uni- 
versity. 

Strain  Gages  Monitor  Surface  Skin  Tension 

The  strain  gage  application  was  specifically  designed  to  evaluate 
the  efficacy  of  GET  in  edema  control.  A miniature  split  proving 
ring  with  strain  gages  allows  a record  to  be  made  of  surface  skin 
tension  between  two  sutured  points.  A pilot  study  has  indicated 
that  there  is  a distinct  increase  in  residual-limb  pressure,  occurring 
a few  days  postoperatively,  and  then  a decrease  over  the  next  7 
days  to  a nonmeasurable  pressure.  Continued  evaluation  is  being 
carried  out  in  conjunction  with  the  CET  program. 

Electrospinal  Instrumentation  (ESI) 

PRS  is  one  of  18  centers  in  the  United  States,  Canada,  and 
Sweden  involved  in  the  evaluation  of  Electrospinal  Instrumenta- 
tion (ESI)  for  the  correction  of  scoliosis.  Working  with  Dr.  Walter 
Bobechko  of  Toronto,  Ontario,  Canada,  and  Medtronic,  Inc., 
Minneapolis,  Minnesota,  we  have  implanted  units  in  two  patients. 
While  there  has  been  no  dramatic  correction  of  the  scoliotic  curve, 
neither  patient  has  progressed  to  the  point  where  further  correc- 
tive surgery  is  deemed  necessary . 

Neuromuscular  Assist  (NMA) 

PRS  has  not  been  actively  involved  in  the  NMA  program  since 
the  termination  of  CPRD.  However,  recently,  one  of  our  six  pa- 
tients required  replacement  of  his  implant  device;  there  was  no 
problem  encountered  in  the  replacement  procedure,  and  the  ex- 
planted  unit  was  returned  to  Medtronic,  Inc.,  for  evaluation  of  the 
failure.  It  should  be  noted  that  the  patient  would  not  consider 
anything  but  replacement  of  his  implant  unit;  he  would  not  con- 
sider returning  to  an  external  mechanical  orthotic  device  to  correct 
his  drop  foot. 

Functional  Electrical  Stimulation 

Surface  stimulation  for  muscle  retraining  continues  intermit- 
tently. Six  new  patients  have  been  treated.  Diagnoses  include  four 
hemiplegics,  one  Erb’s  Palsy,  and  one  hand  problem  of  unknown 
etiology.  Four  of  the  six  patients  continue  to  use  the  stimulator, 
with  some  subjective  improvements  in  function.  One  patient  dis- 
continued stimulation  because  of  increased  pain  directly  related 
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to  stimulation.  The  sixth  patient  expired  seeondary  to  otlier  med- 
ical problems  shortly  after  stimulation  was  initiated. 

Transcutaneous  Nerve  Stimulation  (TNS) 

Transcutaneous  nerve  stimulation  has  been  utilized  to  relieve 
a variety  of  pain  problems  in  26  cases.  Twenty  of  these  patients 
had  phantom  or  residual  limb  pain;  the  remainder  were  treated 
primarily  for  acute  joint  discomfort.  This  method  appears  to  be 
useful  in  controlling  these  types  of  pain. 

TNS  has  recently  been  widely  reported  in  the  literature.  There- 
fore, PRS  will  continue  a long-term  followup  on  the  present  ampu- 
tee patients  rather  than  accept  additional  new  patients  in  the  study. 

PRS-Moore  Load  Cell 

VA  Prostlietics  Center,  New  York,  has  placed  an  order  for  25 
load  cells  to  be  evaluated  at  various  centers  throughout  the  United 
States.  Centers  are  presently  being  selected,  and  an  evaluation 
protocol  is  being  outlined.  As  an  ongoing  project,  we  are  still  con- 
sidering reduction  of  size,  weight,  and  cost  of  the  unit,  without 
sacrificing  reliability. 

Physiological  Suspension 

Muscle  stabilization  in  amputation  surgery,  as  advocated  and 
utilized  by  Prosthetics  Research  Study  since  its  inception,  is  a 
viable  concept  which  provides  a functional  end  organ  to  interface 
with  the  prosthesis.  Certain  bclow-knce  amputees  have  been  ob- 
served to  have  the  capability  of  facilitating  suspension  of  a pros- 
thesis with  their  residual  limb  musculature.  This  capability  po- 
tentially affects  amputation  surgery,  prosthetic  design,  and  re- 
habilitation. 

Photogramme  try,  EMG,  and  pressure-transducer  readings,  eval- 
uating the  muscle  activity  occurring  during  the  gait  cycle,  were 
completed  in  six  patients.  X-rays  taken  under  dynamic  conditions 
demonstrated  muscle  bulk  shift  and  rcsidual-limb/socket  displace- 
ment. Assimilation  of  muscle  activity  data  is  continuing  at  PRS, 
and  a preliminary  report  on  our  initial  evaluations  is  nearing  com- 
pletion. 

Functional  and  Stress  Analysis  of  Lower-Limb  Amputees  Performing  Extra- 

Ambulatory  Activities 

In  cooperation  with  Drs.  Doris  Miller  and  Robert  Hutton  of  the 
Department  of  Physical  Education,  University  of  Washington,  the 
performance  of  a number  of  young  lower-limb  amputees  treated 
by  the  PRS  staff  have  been  analyzed,  using  computerized  force- 
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plate  studies  and  multiple  exposure  photography.  These  evalua- 
tions were  carried  out  with  the  amputee  performing  extra-ambula- 
tors' Functions;  i.e.,  running,  jumping,  and  participating  in  sports 
(water  and  snow  skiing,  golf,  etc.). 

The  purprrse  of  these  studies  is  to  determine  the  functirjnal  capa- 
bilities of  amputees  using  standard  prostheses,  and  to  study  the 
stress  levels  and  force  action  parameters  to  which  the  prostheses 
are  subjected.  Valuable  information  is  forthcoming  relative  to— 

1.  The  functisrnal  capabilities  of  amputees  in  high-level  per- 
formance, particularly  involving  sports; 

2.  A critical  analysis  of  the  ground-reaction  forces  involved  in 
the  performance  of  these  specific  extra-ambulatory  functions; 

3.  The  role  of  training  in  developing  and  improving  perform- 
ance; and 

4.  Prosthetic  function,  durability,  engineering,  component,  and 
alignment  parameters,  relative  to  extra-ambulatory'  activities. 

The  value  of  this  infonnation  as  it  relates  to  amputation  surgery, 
and  to  postsurgical  treatment  including  training  and  prosthetics,  is 
substantial.  The  amputee ’population  with  which  we  deal  has  evi- 
denced intense  interest  in  these  ongoing  clinical  studies. 

Publications 

1.  Kegel,  B.:  Controlled  Environment  Treatment  (GET)  for  Patients  with  Below-Knee 
Amputations.  Physical  Therapy,  56(12):1366-71,  December  1976. 

Below-Knee  Amputation  with  Immediate  Postoperative  Fitting  of 
Prosthesis 
\\\  Hospital 
4150  Clement  Street 
San  Francisco,  California  94121 

Wesley  S.  Moore,  M.D.,  Albert  D.  Hall,  M.D.,  and  Leigh  A.  Wilson 

No  progress  report  was  submitted  by  this  contractor  for  this  re- 
port period. 

Interdisciplinary  Development  and  Evaluation  of  Externally 
Powered  Upper-Limb  Prostheses  and  Orthoses 
Applied  Physics  Laboratory 
The  Johns  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland  20910 

Woodrow  Scamone  and  Gerhard  Schmeisser,  Jr.,  M.D. 
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During  the  latter  portion  of  1976,  research  at  Johns  Hopkins 
continued  to  be  focused  primarily  on  evaluation  and  modiiu  ati<;n 
of  the  experimental  powered  medical  manipulator/worktablc  sys- 
tem. In  addition,  by  prior  agreement,  a third  powered  medical 
manipulator/worktable  was  completed  and  delivered  to  the  VAH, 
West  Roxbury,  Massachusetts,  for  further  clinical  evaluation. 

Observation  and  followup  on  die  clinical  performance  of  ex- 
ternally powered  above-elbow  and  shoulder-disarticulation  pros- 
theses  fitted  in  previous  years  was  continued. 

Powered  Medical  Manipulator 

1 he  experimental  model  of  the  powered  medical  manipulator 
previously  described  in  BPR  10-24  and  10-25  has  now  undergone 
2 years  of  evaluation  including  over  1 year  of  clinical  evaluation 
by  a high-level  quadriplegic.  This  individual  uses  this  system  for  a 
few  hours  per  day  to  carry  out  vocational  and  personal  tasks  and 
finds  the  unit  to  be  of  value  in  his  activities  of  daily  living.  The  ar- 
rangement of  the  equipment  relative  to  the  subject  in  bed  is  shown 
in  Figure  9.  During  this  reporting  period  some  additional  features 
have  been  incorporated  into  the  system.  They  include  the  following: 

1 . New  Terminal  Devices 

The  original  manipulator  used  a Dorrance  VO-555  terminal  de- 
vice for  grasping  purposes.  While  adequate  for  many  purposes,  it 
did  not  provide  a secure  grip  for  handling  magazines  and  books. 


Figure  9.— Manipulator/worktable:  airangement  of  componrnU. 
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Figure  lO.— Modified  icrminal  device. 


A new  terminal  device  arrangement,  shown  in  Figure  10,  was  de- 
signed to  increase  the  area  of  the  grasping  surface.  This  design 
proved  superior  for  the  purpose  and  was  incorporated  into  the 
system  for  patient  testing.  The  quadriplegic  now  has  used  this  de- 
vice for  more  than  three  months  and  finds  it  very  satisfactory. 

2.  Eyeglass  Control  Mode 

The  experimental  model  of  tlie  manipulator  has  been  modified 
to  allow  eyeglass  control  of  the  discrete  or  pulse  commands  re- 
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F IGL'RE  1 1 . Eyi({lasscs  used  to  mode-select  manipulator  motions.  .\  sensing  accelerom- 
eter is  located  on  the  eyeglass  frame. 


quired  to  select  eiclt  mode  of  operation.  sensing  accelerometer 
is  located  on  the  eyeglass  frame  (Fig.  1 1)  and  pulse  commands  are 
generated  by  “teetli-clicking”  modes.  The  test  subject  finds  this 
means  of  control  easy  to  use,  with  minimal  hiJsc  signtil  inputs.  ( I he 
alternate  method  of  pulse  input  utilizes  a micrtrswitch  located  over 
a suitable  muscle- the  test  subject  prefers  the  eyeglass  mode  of  con- 
trol to  the  microswitch  because  of  occasional  muscle  spasticity.) 

3.  Self-feeding  Arran;^ement 

One  ol  the  important  leatures  ol  the  powered  medical  manipula- 
tor is  its  capability  for  allowing  self-feeding  by  the  patient.  In  order 
to  facilitate  this  task,  three  motlifications  have  been  made  to  the 
system: 

a.  Redcsifincd  Eating  Utensil.  A new  eating  utensil,  shown  in 
Figure  12,  was  designed  to  simplify  the  mechanics  of  self-feeding.  It 
interchanges  directly  with  a removable  portion  of  the  special  termi- 
nal device.  The  mechanism  geometry  allows  good  sccjoping  action 
at  the  plate  and  the  spoon  remains  reasonably  horizontal  between 
the  plate  and  mouth. 
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I'KJL'RE  1 2.- Special  utensil  and  compartmented  plate  for  use  with  the  manipulator. 


1).  Special  Compartmented  Plate.  During  the  early  trials  of  self- 
I'eeiling,  it  was  apparent  that  the  sliape  of  an  ordinary  dish  and  in- 
teraction between  the  spoon  and  the  food  made  the  self  leetiing 
task  very  tedious.  A new  plate  was  designed  and  constructetl  with 
compartmented  areas  to  facilitate  scooping  of  the  lood.  This  is  also 
shovMi  in  figure  12.  Self-feeding  has  been  (lemonstr ited  to  he  sig- 
nificantly improved  by  the  use  of  this  plate. 

c.  Set/uence  Program  .Mode.  In  order  to  minimi/e  input  com- 
mtuids  in  the  eating  serpience,  portions  ol  the  trajectoiy  base  been 
automated  with  hardwired  logic.  This  has  significantK  rcduccil  tlu' 
control  effort  retiuircd  to  eat  a meal.  The  subject  reports  th.it  sell- 
feeding  is  now  easy  and  |)ractical  with  this  machine.  1 mure  de- 
velopments described  below  will  lurlher  simpliiy  this  acti\  ity. 
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Advanced  Powered  Medical  Manipulator  with  Microprocessor  Control 

A iK‘w  ni.mipiilaior/vvorktahlc  arrangement  is  under  eonstruction 
to  I’urilier  siinplily  the  interlace  between  tlie  subject  and  the  ma- 
chine. Tiiis  new  manipulator  will  be  controlled  by  a microprocessor 
m deterministic  portions  of  trajectories  but  will  still  permit  manual 
control  at  the  end  points  and  ;dlow  override  at  any  time.  Such  a 
systems  concept  allows  maniud  control  flexibility  when  needed, 
yet  utilizes  automation  for  routine  aspects  of  control,  thus  mini- 
mizing sequentiid  inputs  from  tlie  subject.  The  automation  of  the 
manipulator  can  be  done  at  low  data  rates  as  motions  are  sequen- 
tial, an  ide;d  job  for  a microprocessor. 

The  design  functional  requirements  for  the  microprocessor  are 
to- 

1 . Control  the  motion  of  all  six  degrees  of  freedom; 

2.  Monitor  the  positions  of  idl  six  degrees  of  freedom; 

3.  Be  capable  of  initially  executing  four  programed  sequences 
with  expansion  capability  to  100  sequences; 

4.  Drive  the  display  readouts;  and 

5.  Do  signal  processing  from  discrete  and  linear  input  com- 
mands from  the  patient. 

General  requirements  Tor  the  selection  of  the  microprocessor 
hardware  for  this  system  included— 

1.  Low  parts  count, 

2.  Complete  computer  with  memory  on  one  board  (preferred), 

3.  Low  power  requirement, 

4.  8-bit  arithmetic  capability,  and 

5.  Versatile  firmware  monitor  program  for  debugging. 

Interface  capability  requirements  for  selection  of  the  micro- 
processor hardware  included— 

1 . Single  channel  8-bit  digital-to-analog  converter, 

2.  8-channel  8-bit  analog-to-digital  converter, 

3.  Serial  output  channel, 

4.  Two  level  interrupt,  and 

5.  Teletype. 

The  Choice  The  selection  process  resulted  in  the  choice  of  a 
Mostek  F-8  Kvaluation  Kit  with  the  following  characteristics: 

1.  Four  8-bit  I/O  ports, 

2.  Total  computer  board  size  with  IK  byte  memory  is  6.75  in  X 
5.5  in, 

3.  Total  computer  power  consumption  is  5.2  W, 

4.  64-bytc  scratchpad  memory. 
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5.  I'wo  rcid-tinic  clocks, 

(j.  Two  external  iiUerru()ts, 

7.  110  and  300  baud  (jndses-and-spaces/sec.)  interface,  and 

8.  lV)\verful  monitor  for  dehugsing. 

The  computer  soltvvare  is  being  developed  using  the  APL-de- 
veloped  universal  cross  assembler  package  on  ibe  IB.\I  360/91. 
rhe  computer  and  power  sin)ply  bave  been  assembled  and  all 
periphenils  (display,  A/I),  D/A)  liave  been  interlaced.  Ibe  solt- 
ware  lias  been  written  and  checked  out  lor  those  peripherals.  Initial 
tests  with  the  computer  driving  the  manipulator  should  commence 
during  February  1977.  The  complete  manipulator  system  is  ex- 
pected to  be  in  clinicid  testing  by  late  Spring  1977. 

Manipulator  Unit  for  VA  Hospital,  West  Roxbury,  Massachusetts 

On  November  10,  1976,  a prototype  manipulator/ work  table 
system  was  delivered  to  the  VAIl,  West  Roxbury,  and  its  operation 
demonstrated  to  members  of  the  VAH  staff.  It  is  hoped  that  clinical 
testing  will  include  a large  number  aiul  variety  of  subjects  in  order 
to  extend  the  manipidator’s  functional  capability  and  task  applica- 
bility to  meet  the  needs  and  desires  of  as  wide  a range  of  subjects 
as  possible.  Clinical  evaluation  protocol  is  being  developed  and  sub- 
ject evaluation  is  expected  to  commence  early  in  1977. 

Continued  Evaluation  of  Externally  Powered  Upper-Limb  Prostheses 

Clinical  followup  is  cmitinuing  on  externally  powered  upper- 
limb  prosthetic  systems  previously  developed  under  this  program. 
Of  the  15  experimental  prostheses  fitted  to  13  amputees  between 
January  1970  and  January  1974,  2 are  still  in  daily  functional  use 
and  arc  considered  by  the  users  as  essential  in  their  vocational  or 
avocational  activities;  one  is  now  6 years,  the  other  41/2  years  after 
original  fitting. 

Over  43  man-years  of  in-use  field  trial  test  time  have  now  been 
accumulated  with  these  15  experimental  prostheses. 

Four  of  the  15  prostheses  are  retained  by  the  users  for  occasion- 
al use— merely  for  cosmesis  or  to  assist  in  some  uncommon  but 
necessary  bimanual  activity,  rherefore,  these  lour  are  no  longer 
counted  in  the  total  accumulated  field  test  time.  OI  the  remaining 
nine  units,  one  above-elbow  prosthesis  has  been  recently  moditied 
to  provide  live  lift  capability  to  avoid  dropping  objects  during 
elbow  Oexion.  This  unit  is  being  returned  to  the  test  subject  for 
further  field  evduation.  Six  of  the  15  units  were  returned  after 
being  in  regular  use  for  periods  in  excess  of  1 year.  1 hey  were  re- 
turnetl  due  to  a variety  of  factors,  as  reported  in  Bl’R  10-25. 
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The  remaining  two  were  barely  used  at  all  and  were  retrieved 
within  a few  months  of  delivery.  These  two  were  fitted  early  in 
the  program  while  subject  selection  criteria  were  relatively  unre- 
(ined  and  the  electrical  power  and  control  units  were  less  satis- 
factory. 

Development  and  Evaluation  of  Advanced  .Vutomotive  .Adaptive 

Equipment® 

Bioengineering  Program 

I'exas  A&:M  University,  College  of  Engineering 
College  Station,  Texas  77843 

Make  McDermott,  Jr.,  Ph.  D.,  and  Lewis  A.  Leavitt,  M.D. 

Introduction 

The  basic  intent  of  this  project  has  been  to  develop  and  evaluate 
automotive  adaptive  equipment  to  meet  the  needs  of  those  disabled 
who  are  not  served  by  currently  available  standard  automotive 
equipment.  This  effort  required  solution  to  the  problems  of  entry/ 
exit,  seating/restraint,  driver  control  systems,  and  additional  safety 
features,  so  that  persons  with  low  levels  of  physical  functional  abil- 
ity (e-g-.  quadriplegics)  could  attain  a measure  of  mobility  by  way 
of  independent  automotive  transportation.  Included  in  the  plan  of 
work  were: 

1.  Analytical  efforts  in  the  areas  of  human  engineering  and  sys- 
tems safety; 

2.  Evaluation  and  testing  efforts  on  new  equipment  rapidly  be- 
coming available,  such  as  wheelchair  lifts  and  restraints,  and  servo 
and  secondary  control  driving  systems; 

3.  Development  of  official  government  standards  for  the  various 
types  of  adaptive  equipment. 

I.  Wheelchair  Lifts 

A test  plan  was  developed  for  the  orderly  and  standardized  eval- 
uation of  all  available  wheelchair  lifts.  This  evaluation  was  based 
on— 

1.  The  ability  of  a lift  to  be  installed  and  operated  according  to 
the  manufacturer’s  instructions  and  claims; 

2.  Adherence  to  accepted  engineering  design  and  fabrication 
practices; 

3.  Systems’  safety  features  and  shortcomings; 


®This  summary  covers  the  period  July  1,  1975,  to  November  30,  1976,  under  VA  con- 
tract V101(134)P-335. 
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4.  Identification  of  potential  user  errors  and  possible  results;  and 

5.  Ease  and  convenience  of  use  by  handicapped  users  having 
various  capabilities. 

The  evaluation'’  involved  the  following  methods:  1 . Engineering 
evaluations  of  the  design  and  fabrication  aspects  of  tbe  lifts;  2.  I’hys- 
ical  measurements  of  the  lifts  (length,  width,  height,  and  angular 
dimensions);  3.  Acceleration  measurements  of  tlie  lift  platforms 
during  the  various  modes  of  operation;  4.  Assessment  of  load  lifting 
capacity;  5.  Evaluation  of  noise  levels  of  the  lift  drive  units;  6.  Eval- 
uation of  lift  actuating  controls;  7.  Evaluation  of  occupant  actions, 
errors,  and  hazards;  and  8.  .\ccelerated  lift  cycle  testing.  The  ev.Ju- 
ations  were  done  by  the  engineers  and  technicians  assigned  to  the 
project,  but  also  four  quadriplegics  were  utilized  in  the  evaluation 
of  occupant  actions,  errors  and  hazards. 

The  following  lifts  were  evaluated: 

1.  Braun  Corp.,  1014  S.  .Monticello,  Winamac,  IX  46996 

2.  Casady  Safety  Van  Tift,  1627  I.innea  Ave.,  Eugene,  OR  97401 

3.  Collins  Industries,  P.O.  Box  58,  Hutchinson,  KS  67501 

4.  Compass  Industries,  Inc.,  715  15th  St.,  llermosa  Beach,  CA 
90254 

5.  Helper  Industries,  Inc.,  832  X.W.  1st  St.,  Ft.  Lauderdale,  EL 
33311 

6.  Maxon  Industries,  Inc.,  1960  E.  Slauson  Ave.,  Huntington  Park, 
CA  90255 

7.  Para  Industries,  Ltd.,  ^6-4826-1 1th  St.,  X'.E.,  Calgar^’,  Alberta, 
Canada 

8.  Ricon  Corp.,  15806  .\rminta  St.,  Van  X'uys,  CA  91406 

9.  Speedv  Wagon  Sales  Corp.,  2237  Harvester  Road,  St.  Charles, 
.\10  63301 

The  results  of  the  evaluations  of  each  of  the  above  lifts  were  re- 
ported to  the  Veterans  .'\dministration  in  “.An  Evaluation  of  Com- 
mercially Available  Wheelchair  Lift  Devices,”  .November  20,  1975 
(revised  April  1976)  by  Duncan,  Dean  D.  and  McDermott,  Make,  Jr. 

During  the  contract  period,  a first  draft  of  a standard  for  lifts 
was  prepared.  The  draft  standard  was  based  on  information  gath- 
ered from  the  evaluations,  and  from  existing  applicable  industr\- 
standards  such  as  those  from  the  American  National  Standards  In- 
stitute and  the  Society  of  Automotive  Engineers.  A rationale  was 


'’The  evaluations  developed  a comprehensive  body  of  knowledge  on  wheelchair  lifts  from 
nine  different  manufacturers,  and  a data  base  for  use  in  developing  a standard  for  wheel- 
chair lifts. 
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presented  for  eacli  of  the  various  requirements  of  the  standard. 

rile  wheelehair  lift  industry  is  a rapidly  changing  one.  There  are 
known  to  be  some  20  to  25  different  nationally  advertised  com- 
panies which  manufacture  and/or  sell  wheelchair  lifts  of  a variety 
of  designs.  Some  devices  seemed  to  have  been  designed,  fabricated, 
and  then  marketed  with  a minimum  of  test  and  evaluation  on  the 
part  of  the  manufacturer- this  is  especially  true  with  the  newer 
companies.  .Many  of  the  design/use  deficiencies  discovered  during 
this  evaluation  program  have  already  been  corrected  on  later 
models  of  the  lifts. 

II.  Testing  and  Evaluation  of  Driver  Control  Systems 

T he  purpose  of  this  program  is  to  test  items  of  advanced  adap- 
tive equipment  to  determine  their  effects  on  system  performance 
and  safety.  The  testing  goes  beyond  the  low-speed  testing  normal- 
ly done  dunng  driver  licensing  tests  in  order  to  provide  a more 
meaningful  evaluation  of  these  untried  systems’  safety.  The  tests 
involve  the  following  regimes: 

1.  Long-term  use- 2000  miles  under  simulated  urban  and  rural 
road  conditions; 

2.  Low-speed  maneuvers— a “driver  training”  course; 

3.  High-speed  and  emergency  maneuvers— obstacle  avoidance, 
braking,  and  curve  negotiation. 

The  test  program  is  complemented  by  a human  factors  (ergo- 
nomics) evaluation,  a safety  evaluation,  and  a failure-mode-effect 
analysis.  Initial  test  operations  involve  a professional  test  driver  and 
a driver  drawn  from  the  general  driving  population.  Neither  of  these 
individuals  is  physically  handicapped.  Parts  of  the  test  are  then  re- 
peated with  spinal-cord-injured  veterans  (C-6/7  or  higher  lesion 
quadriplegics).  The  test  protocol  has  the  following  specific  purposes 
and  objectives. 

(From  the  Test  Plan—) 

Purpose 

The  purpose  of  this  test  is  to  conduct  an  integrated  and 
comprehensive  evaluation  of  an  adaptive  control  setup  in- 
stalled and  operative  in  a motor  vehicle. 

The  test  protocol  will  comprise  preliminary  configuration 
checks,  a human  factors  and  safety  evaluation  of  the  control 
devices  in  place  in  the  motor  vehicle,  and  a composite  2000 
mile  road  test.  The  road  test  will  simulate  the  range  of  high- 
way operating  conditions  that  might  be  expected  to  be  en- 
countered by  a handicapped  driver. 
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Objectives 

1 liis  test  lias  tlic  lollowing  specific  objectives: 

(1)  Assess  the  operability  and  workspace  envelope  of  a 
ciuididate  adaptive  control  system  as  installed  in  a motor 
vehicle. 

(2)  Assess  the  feasibility  of  the  control  system  as  an 
adaptive  system  prior  to  road  use. 

(3)  Conduct  a simulated  highway  use  test  comprising 
2000  miles  to  determine  long-term  operability  and  the  ef- 
fects of  the  control  system  on  vehicle  handling. 

The  principid  measurement  made  in  the  driving  tests  is 
the  comparison  of  tlie  vehicle  and  driver’s  performance  as 
equipped  with  the  adaptive  control  system  vs.  that  per- 
formance attainable  using  the  original  equipment  control 
system  in  the  same  or  similar  vehicle.  Most  of  the  perform- 
ance data  arc  in  the  form  of  trials  to  criterion,  time  to  per- 
form a maneuver,  hits/misses  or  other  variant  of  this,  plus  a 
rating  by  a qutdified  test  conductor  on  an  ordinal  scale  basis. 

All  test  runs  arc  made  under  the  standard  checkout  and  safety 
rules  prescribed  in  the  Test  Plan,  and  are  under  the  direct  control 
of  a Test  Conductor  designated  by  the  project  Co-Principal  In- 
vestigators. 

Work  Accomplished  in  Contract  Year 

Three  vehicles  equipped  with  unconventional  control  systems 
have  undergone  testing  during  the  contract  year: 

1.  Ilardcn-CCI  (Creative  Controls  Inc.)  .Mode  I throttle/brake 
servocontrol  system. 

2.  Mobility  Engineering  and  Development,  Inc.  (MEDl,  Charles 
Scott). 

3.  Sevier  Van  (James  Allen). 

None  of  these  installations  was  without  deficiencies.  These  were 
reported  to  the  developers  for  correction  or  re-design,  etc. 

The  test  plan  is  to  compare  road  tests,  vehicle  evaluations,  and 
handicapped  driver  performance  evaluations  with  advanced  servo- 
control  systems  which  have  been  debugged  and  which  provide  an 
objective  framework  for  assessing  the  potential  of  otlier  systems 
to  assist  disabled  veterans  to  drive.  We  now  have  a standard  rou- 
tine for  testing  any  control  system  which  may  be  submitted  to 
the  VA  for  approval,  and  this  routine  provides  the  basis  for  a servo- 
control  system  standard  which  must  eventually  be  drafted. 
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III.  Testing  and  Evaluation  of  Wheelchair  Restraints 

.■\n  effort  was  initiated  during  tlie  current  contract  year  lo  eval- 
uate several  commercially  available  wlieelcliair  restraints  designed 
for  use  by  wbeelchair-bound  drivers  or  passengers.  r(j  tliis  end  a 
■‘Wheelchair  Restraint  Systems  Test  Plan  Outline”  dated  June  1976 
was  written  and  submitted  to  VAPC.  The  objective  of  tlie  testing 
was  to  determine  the  capability  of  commerciidly  available  wheel- 
chair restraint  systems  for  holding  the  wheelchair  and  occupant  in 
place  during  vehicle  motion.  Specifically,  the  test  plan  considers 
the  following; 

1.  Does  the  restraint  accomplish  its  stated  purpose? 

2.  Was  good  design  and  fabrication  practice  followed? 

3.  Actions  and/or  decisions  required  of  the  occupant  and/or  the 
attendant. 

4.  Possible  errors  by  occupant  and/or  attendant. 

5.  Movement  of  wheelchair  for  forces  from  Og  to  Ig  (range  of 
forces  normally  encountered  during  driving). 

6.  Movement,  permanent  deformations,  and  failures  for  load 
greater  than  Ig. 

Seven  restraint  systems  were  purchased  and  tested  and  the  fol- 
lowing conclusions  were  reached.  First:  the  wheelchair  occupant 
should  be  restrained  directly  to  the  motor  vehicle  carrying  the 
wheelchair,  and  not  to  the  wheelchair.  Second:  do  not  clamp  only 
the  rear  wheels  of  the  wheelchair  to  the  floor  of  the  vehicle— if  the 
wheels  are  so  locked,  then  additional  restraints  must  also  be  em- 
ployed. And  third:  some  types  of  restraints  are  not  capable  of  with- 
standing longitudinal  and/or  transverse  static  loads  equivalent  to 
those  imposed  by  the  combined  mass  of  the  anthropometric  dummy 
and  wheelchair  (274  lb)  under  accelerations  likely  to  occur  during 
normal  (noncollision)  driving  conditions. 

The  ultimate  goal  of  this  project  is  to  determine  a set  of  require- 
ments which  restraint  equipment  must  satisfy  in  order  to  be  safe 
and  of  reasonable  quality.  The  VA  can  then  use  these  requirements  in 
its  standards  program  for  prosthetics,  orthotics,  and  orthopedic  aids. 

IV.  Miscellaneous  Activities 

In  the  course  of  this  year’s  activity  a certain  amount  of  effort  has 
been  expended  in  development  of  several  concepts  that  contribute 
to  our  understanding  of  a handicapped  driver’s  capability,  or  that 
provide  guidelines  to  prospective  designers  of  hardware  to  support 
the  quadriplegic  and  other  severely  handicapped  patients.  This  de- 
velopmental effort  has  been  low-priority,  but  fruitful  in  these  three 
different  areas: 
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1 . Driver  Evaluation  Device  A special  measurement  device 
whieli  can  be  used  to  measure  the  force  capabilities  of  haudicap|)cd 
patients  (and  directly  applied  for  prescriptive  purposes)  has  been 
desi,i>netl  aiul  built.  The  unit  clamps  to  a table  top  and  features  a 
steerinjj  wheel  which  can  be  positioned  to  the  approximate  angle  of 
tilt  of  a van  or  ordinary  passenger  car.  The  wheel  is  attached  to  a 
spring  sc;ile  to  measure  static  forces  exerted  by  the  patient  while  he 
holds  the  wheel.  Both  direction  of  force  and  hand  position  (or  spin- 
ner position)  can  be  varied. 

Hand  control  force  levels  can  be  measured  using  this  device.  The 
forces  are  measured  by  means  of  an  ordinary  torque  wrench  which 
can  be  positioned  to  approximate  any  of  the  available  hand-control 
input  motions. 

Two  units  have  been  built.  One  is  in  our  laboratory  at  College 
Station,  the  other  is  in  Houston  at  TIRR  where  it  is  being  used  by 
the  occupational  therapy  group.  This  effort  was  documented  in  the 
report  “Texas  A&M  Handicapped  Driver  Evaluation”  dated  .August 
1976. 

2.  Wheelchair  Restraint  The  wheelchair  restraint  system  has 
been  dubbed  the  “CLA.MP”  (Carrier  I.ock  Automatic  Mechanism 
for  ‘Plegics’).  This  unit  can  be  mounted  either  on  an  electric  wheel- 
chair or  on  the  floor  of  a vehicle.  Two  scrcwlock-operatcd  claws 
engage  a straight  rod  to  provide  positive  two-point  attachment  of 
the  chair  to  the  vehicle.  Lateral  and  angular  displacement  are  mini- 
mized. It  is  worth  noting  that  we  have  integrated  a lap  belt  into  the 
CL.A.MP-type  wheelchair  restraint  in  such  a way  that  the  patient  is 
tied  through  the  restraint  gear  into  the  vehicle  structure  rather  than 
to  the  wheelchair  itself. 

3.  Secondary  Controls  Panel— The  Human  Factors  Group  of 
TTl  has  also  gone  through  a developmental  design  exercise  on  con- 
figuring a special  panel  for  quadriplegics.  The  panel  replaces  or  sup- 
plements the  standard  vehicle  instrument  panel.  The  panel  or  con- 
sole is  “lap  mounted”  and  has  controls  and  displays  for  gear  posi- 
tion, lighting,  turn  and  hazard  signals,  parking  brake  operation, 
horn,  wipers,  washers,  and  ignition/start. 

The  panel  has  been  mocked  up,  and  will  be  translated  into  a 
working  prototype  in  the  next  period  of  activity  in  support  of  the 
Secondary  Control  System  evaluation  effort.  This  effort  was  docu- 
mented in  the  report  “Conceptual  Design  of  an  Adaptive  Secondary 
Control  System  Panel”  dated  March  1976. 
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CloiUrr)!  of  an  Artificial  Upper  1-inih  in  Several  Degrees  of  Freedom 

Department  rrf  Fdectrical  Ungineering 

Colorado  State  University 

Fort  Collins,  Colorado  80523 

Daniel  Craupe,  Ph.  1). 

During  the  second  half  of  1976  the  main  emphasis  of  this  work 
was,  as  in  the  preceding  6 month  period,  on  the  FMC  controlled 
prosthesis.  Specifically,  work  has  continued  on  speeding  up  the 
microcomputer  algorithm  such  that  limb  actuation  can  be  ac- 
complished within  the  required  0.15  to  0.2  s,  using  our  E.\1G  iden- 
tification and  recognition  algorithm  (1,2)  on  an  Intel  8 -Mod  80 
microcomputer  system  in  real  time  and  with  double  precision  (i.e., 
with  16-bit  words  instead  of  the  standard  8-bit  words),  .\nother 
major  aspect  of  the  work  during  the  period  covered  by  tins  report 
was  concerned  with  enhancement  of  reliabili  -f  the  system,  not- 
ing that  such  enhancement  requires  addition.il  computation  and, 
therefore,  the  solution  of  the  computational  speeding-up  problem 
is  a prerequisite  to  the  reliability  enhancement  problem.  Finally, 
amputee  tests  were  performed  during  the  period  to  check  speed 
and  reliability  in  real  time  and  with  real  microprocessor  hardware. 

Concerning  the  enhancement  of  computational  speed,  further 
work  was  done  on  our  parallel  filtering  algorithm  (2)  which  facili- 
tates limb  actuation  during  normal  usage  without  continuous  re- 
identification,  so  that  the  lengthy  identification  algorithm  is  called 
for  only  at  the  calibration  mode.  This  work  has  led  to  the  over- 
coming of  previous  identification  biases  occurring  with  parallel 
filtering,  by  the  use  of  certain  modifications  of  the  algorithm  which 
followed  theoretical  studies.  When  these  modifications  were  com- 
pleted, they  resulted  in  an  algorithm  which  not  only  met  the  speed 
requirements  for  actuation  within  0.15  to  0.2  s,  but  that  also  out- 
performed, in  terms  of  both  actuation  accuracy  (reliability)  and 
speed,  all  other  speeded-up  algorithms  of  our  basic  version.  This  is 
indicated  by  Table  1,  which  gives  results  of  actual  on-line  micro- 
computer amputee  tests.  ■ 

Observing  Table  1,  it  is  obvious  that  further  enhancement  of  re- 
liability could  be  expected  by  increasing  the  number  of  AR  (auto- 
regressive) model  parameters  from  3 to  4 (compare,  say,  experiments 
No.  3 and  No.  6 in  Table  1 where  only  the  number  of  .AR  param- 
eters is  different).  Consequently,  work  has  been  initiated  on  re- 
writing the  algorithm  of  experiments  No.  7 and  No.  8 of  Table  1 
for  4 AR  parameters.  It  is  noted  that  this  modification  affects 
only  the  Calibration  mode  (in  terms  of  computational  speed),  so 
no  additional  actuation  delay  should  result. 
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Further  specti  enlianccincnl  is  expected  wlieii  the  newly  acquired 
hardware  multiplier  system,  which  is  als(j  of  a longer  word  length,  is 
linally  incorporated.  ( I his  incorporation  was  delayed  due  to  mal- 
function of  interface  hardware.) 

Therefore,  idthough  the  basic  speed  and  accuracy  requirements 
have  already  been  met,  further  enhancements  are  expected  during 
the  next  phase  of  our  work  when  the  new  4-parameter  algorithm  is 
complete  and  when  the  new  hardware  multiplier  is  operational.  This 
will  permit  introduction  of  the  now-missing  speed  control,  which 
requires  additional  computation  (and  thus  additional  computational 
delay,  not  tcrlerablc  presently)  and  an  additional  load  cm  the  dis- 
crimination algorithm  (not  tolerable  so  far,  due  to  effects  (jii  ac- 
curacy). Obviously,  with  additional  improvements  in  speed  and  in 
reliability,  objections  to  speed  control  should  no  longer  be  v;ilid. 

It  is  important  to  note  that  a further  speeding-up  of  computa- 
tion, and  therefore  further  enhancement  in  reliability  (reliability 
being  linked  to  computational  speed  since  higher  reliability  implies 
that  more  parameters  are  to  be  identified,  and  thus,  longer  compu- 
tation), is  possible  when  faster  microprocessor  systems  are  used. 
Such  systems  are  now  available  (MIPROC  8,  etc.),  but  were  not 
available  when  our  Intel  8 Mod  80  microcomputer  system  was 
purchased  for  this  project. 

Furthermore,  all  conclusions  derived  from  this  work  are  fully 
and  directly  applicable  to  any  odier  microprocessor  hardware. 
Hence,  the  changing  of  the  hardware  is  not  recommended,  es- 
pecially when  considering  tlie  very  dynamic  microprocessor  hard- 
ware market  where  last  month’s  hardware  is  considerably  sur- 
passed hy  this  month’s. 
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Acceleration  of  Bone  Healing  by  Electrical  Stimulation 
Castle  Point,  N.Y.,  VA  Hospital,  and 
Helen  Hayes  Hospital,  Biomechanics  Unit 
Route  9-W,  West  Haverstraw,  New  York  10933 
George  Van  B.  Cochran,  M.D. 

During  the  previous  contract  period  at  St.  Luke’s  Hospital,  a 
model  for  a stable  non-union  in  canine  bone  (ulna)  was  developed 
and  initial  trials  of  electrical  stimulation  by  pulsed  and  continuous 
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currents  were  conducted.  Tliis  study,  reported  elsewhere  in  detail, “ 
was  the  first  to  be  initiated  as  an  attempt  to  create  bony  healing 
over  a large  (2cm)  delect  in  a long  bone. 

Although  only  partially  successful  in  its  primarv’  aim,  the  nrior 
investigation  highlighted  several  important  questions  conce*  ling 
electrical  stimulation  of  bone  healing.  A method  for  determining 
presence  of  bone  formation  by  means  ol  electrical  impedance 
measurements  also  was  developed. 

Work  under  the  present  contract,  recently  begun  at  V.Ml,  Castle 
Point,  will  extend  the  prior  study  to  determine  the  relative  impor- 
tance of  current  density,  current  characteristics  during  the  “off” 
segment  of  pulsed  stimulation,  and  electrode  position  in  relation  to 
pre-existing  bone  or  marrow  as  factors  in  facilitating  a stimulatory 
response  adequate  to  produce  clinical4  significant  bone  healing 
of  large  osseus  defects. 

Hemodynamic  Evaluation  of  Ppstoperative  and  Preoperative 
Amputees 
V'A  Hospital 

Castle  Point,  New  York  12511 

Bok  Y.  Lee,  M.O.,  F..\.C.S.,  Frieda  S.  'lrainor,  Ph.  1).,  David  Ravner, 
D.  Eng.,  John  L-  Madden,  M.D.,  F..\.C.S.,  and  Emilio  Ejercito, 
M.D. 

During  the  6 month  period,  48  new  patients  with  peripheral  vas- 
cular disease  and  three  patients  who  had  been  followed  over  a 
period  of  5 to  10  yr  were  admitted  to  the  Surgical  Service.  Im- 
mediately after  admission,  each  patient  was  evaluated  in  the  Vascu- 
lar Clinic-Laboratory  where  patients  were  given  a battery  of  tests  de- 
signed to  assess  their  vascular  status.  On  the  basis  of  results  ob- 
tained from  Doppler  pressure  studies,  skin  surface  temperature, 
arterial  and  venous  impedance  plethysmography,  noninvasive 
electromagnetic  flowmetry,  and  arteriography  and  venography 
when  indicated,  tlie  appropriate  treatment  of  the  patient  was  de- 
termined. 

Thirteen  of  the  patients  had  lumbar  sympathectomy  procedure. 
All  of  these  reported  relief  of  their  symptoms  and  arc  being  fol- 
lowed in  the  Vascular  Clinic-Laboratory.  Three  of  tire  13  patients 
had  had  impending  gangrene  which  disappeared  following  sym- 
pathectomy. 

^Cochran,  G.V^.,  Dcrman,  R.M.,  and  Palmicri,  V.:  Determination  of  Effects  of  Electrical 
Stimulation  on  Healing  of  an  Experimental  Model  for  Non-Union  in  Canine  Bone,  PI3.9 
Proc.  29th  A.C.E-M.B.,  Boston,  Massachusetts,  November  6-10,  1976. 
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I'lic  three  long-term  I'ollowiif)  patients  included  — 

1.  An  elderlv  male  with  dilluse  arteriosclerotic  occlusive  disease 
and  an  ahove-knee  amputation,  who  had  returned  to  the  clinic  lor 
revision  of  the  stump; 

2.  A 55-yr-old  man  who  7 \ rs  ago  had  a sympathectomy  and 
a thrcjmboendarterectomy  procedure  performed  for  impending 
gangrene.  This  was  still  tjuite  suitable;  however,  the  contraJaterid 
side  now  showed  jtrogression  of  the  arterial  disease.  A lumbar  sym- 
pathectomy relieved  his  present  symptoms. 

3.  A 58-yr-old  diabetic  with  arteriosclerotic  occlusive  disease 
who  had  had  a lumbar  sympatiiectomy  and  femoropopliteal  bypass 
graft  5 yr  earlier;  he  returned  to  the  clinic  with  a true  aneurysm  of 
the  graft.  This  graft  was  replaced  with  the  new  umbilical  vein  graft 
procedure. 

For  two  severely  involved  patients  with  arteriosclerotic  occlusive 
disease  and  gangrene,  the  only  choice  was  amputation  above  the 
knee.  Otie  otlier  patient  presented  with  toxic  gangrene  of  the  foot; 
following  vascular  tests  a long  below-knee  amputation  was  per- 
formed. The  patient  is  now  using  a prosthesis. 

A 55-yr-old  male  was  admitted  to  the  clinic  with  superficial 
gattgrene  of  the  toes  of  one  foot  secondary-  to  peripheral  vascular 
disease.  Gangrene  was  precipitated  by  exposure  to  severe  cold  and 
resultant  frostbite.  A lumbar  sympathectomy  was  performed  and 
within  a few  months  only  the  tips  of  two  toes  were  lost.  The  pa- 
tient left  the  hospital  with  both  limbs  and  is  ambulating  well. 

An  85-yr-old  male  was  admitted  witli  arteriosclerotic  occlusive 
disease  and  bilateral  popliteal  aneurysm.  Unilateral  severe  deep 
venous  thrombosis  was  detected  and  the  same  limb  showed  severe 
black  discoloration  over  the  anterior  portion  of  the  foot.  With  ap- 
propriate anticoagulation  and  repair  of  the  bilateral  aneurysms, 
which  restored  pulsatile  flow  to  the  lower  limbs,  amputation  of 
the  toes  was  necessary  on  one  foot  only.  The  patient  is  home  and 
ambulating  well. 

Of  five  new  patients  with  severe  ischemic  pain  at  rest,  all  had 
lumbar  sympathectomy  and  a bypass  procedure; 

1.  A 60-yr-old  male  had  a successful  bilateral  femoropopliteal 
bypass  and  has  returned  to  work; 

2.  A 65-yr-old  male  had  a successful  axillo-femoral  bypass  but 
is  deceased  following  a myocardial  infarct; 

3.  A 72-yr-old  male  with  severe  arteriosclerotic  occlusive  disease 
had  a good  response  to  lumbar  sympatiiectomy  (however,  his  axillo- 
femoral  bypass  graft  did  not  function); 
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4.  A 59-yr-okl  male  with  severe  arteriosclerotic  oeelusivc  disease 
had  a bilateral  sympathectomy.  Because  of  poor  runoff,  the  bi- 
lateral bypass  procedure  could  not  be  performed  and  the  patient  is 
now  a bilateral  below-knec  amputee. 

5.  A 52-yr-old  male  did  not  have  relief  of  his  pain  following 
lumbar  sympathectomy;  tests  completed  in  the  Vascidar  l.abima- 
tory  showed  further  progression  of  disease  and  the  patient  is  now  a 
candidate  for  aorto-femoral  bypass  graft  procedure. 

One  52-yr-old  male  with  a 30  yr  history  of  diabetes  sustained  an 
injury’  to  one  foot  which  subsequently  developed  into  gangrene. 
Upon  his  arrival  in  the  hospital,  tests  showed  advanced  small- 
vessel  changes  and  severe  arteriosclerotic  occlusive  disease.  With 
control  of  the  diabetes,  the  patient  first  had  a lumbar  sympa- 
thectomy; this  was  followed  by  an  a.xillo-femoral-popliteaJ  bypass 
with  ultimate  healing  of  the  big  toe  and  heel.  The  patient  is  ambu- 
lating well  and  has  returned  to  an  active  life  at  home. 

Three  remaining  patients  each  presented  with  a special  vascular 
problem.  The  first  was  a 60-yr-old  male  with  an  abdominal  aortic 
aneurysm.  During  his  surgical  procedure  the  Doppler  instrument 
was  used  to  assess  the  status  of  blood  flow  in  the  mesenteric  artery, 
thus  providing  information  as  to  the  viability  of  the  intestine.  The 
second  patient  had  a subclavian  aneurysm  and  peripheral  embolism 
causing  ischemic  symptoms  in  the  hand;  the  aneurysm  was  resected 
and  the  embolism  removed  with  restoration  of  blood  flow  to  the 
hand.  The  third  patient  had  had  a cerebral  vascular  accident;  he 
presented  with  impending  gangrene  of  the  paralyzed  lower  limb. 
Delayed  thrombectomy  salvaged  his  limb. 

The  12  remaining  patients  all  had  venous  disease.  Use  of  the 
venous  impedance  plethysmographic  test  detected  the  presence 
of  deep  vein  thrombosis  which  was  then  confirmed  by  venography. 
Appropriate  anticoagulant  therapy  was  then  instituted  and  during 
treatment  the  patient’s  daily  progress  was  monitored  using  thrombo- 
elastography  and  impedance  plethysmography. 

For  every  instance  cited  in  this  report,  the  decision  for  appro- 
priate treatment  of  the  patient  was  determined  by  the  tests  com- 
pleted in  the  Vascular  Clinic-Laboratory.  During  this  6-montli 
period  740  patients  were  seen  in  the  laboratory  representing  ap- 
proximately 1075  test  procedures.  This  6-month  experience  again 
reinforces  three  important  issues; 

1.  Patients  must  be  encouraged  to  pay  attention  to  their  signs  and 
symptoms  and  to  seek  help  early  when  more  can  be  done  to 
alleviate  a problem; 

2.  The  vascular  test  procedures  used  in  the  laboratory  provide  the 
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surgeon  with  the  necessary  information  for  accurate  treatment. 
This  leads  to  quality  patient  care;  and 
3.  Once  a patient  has  had  care  he  must  continue  to  return  to  the 
Clinic-Laboratory  for  followup. 

Maxillofacial  Restorative  Materials  and  l echniriues 

.Maxillofacial  Re.search 

I'emplc  University  School  of  Dentistry 

Broad  and  Montgomery  .\ venue,  Philadelphia,  Pa.  19122 

James  S.  Schweiger,  D.D.S.,  .\I.S.,  and  John  P'.  Lontz,  Ph.  D. 

Cosmetic  realism  in  facial  prosthescs  is  an  indispcnsible  feature 
of  reconstruction  for  acceptance  by  the  individual  as  a pleasing,  un- 
noticeable  replacement  of  the  missing  facial  component.  It  ranks 
equally  in  importance  with  tactile  quality  of  feel  and  compliance, 
which  have  to  replicate  as  nearly  as  possible  those  of  living  skin  and 
tissue  (1). 

Cosmetic  matching  is  usually  carried  out  as  a skilled  art  highly 
dependent  upon  the  subjective  judgment  of  the  artists,  not  without 
controversy  over  some  of  the  nuances  of  visual  sensation  or  re- 
sponse. However,  to  assure  a uniform  duplicative  standardization, 
such  as  that  currendy  being,  done  in  the  replication  of  the  stress- 
strain  tensile  profile,  there  is  need  for  quantitative  standardization 
of  visual  coloration  in  strict  comparison  and  replication  of  the 
human  skin  and  living  tissue.  Such  standardization  requires  spectral 
measurements  (2).  It  has  therefore  beert  the  object  of  this  study  to 
determine  and  apply  quantitative  numerical  constants  for  the 
natural  pigmentation  of  skin  and  living  tissue,  the  intrinsic  colora- 
tion due  to  hemoglobins,  melanin,  and  carotene,  to  be  duplicated 
by  substituted,  artificial,  commercially  standardized  pigments.  This 
concept  and  approach,  while  obvious  and  implicitly  necessary',  has 
not  been  approached  in  this  manner  according  to  any  disclosure  in 
the  published  literature. 

To  duplicate  or  approximate  the  natural,  intrinsic,  sub-dermal 
pigmentation  in  its  dispersive,  aggregative,  and  reticulated  form  as 
venoarterioles,  lipoglobules,  etc.,  the  procedure  has  been  to  measure 
the  principal  spectral  reflections.  This  can  be  done  either  by  con- 
tinuous-line spectrophotometry  (General  Klectric  system)  or  by  the 
separative,  digital  color  difference  (DCD)  system  devised  by  Hunter- 
lab.  The  former  has  been  utilized  extensively  in  color  analyses  but 
provides  only  a graphic  reading  which  it  is  impractical,  generally,  to 
express  numerically  as  would  be  needed  for  commercial  and  other 
specifications.  The  Hunter  DCD  system,  giving  measurements  in 


161 


I 


Bulletin  of  Prosthetics  Research— Spring  1977 


luimhers,  adapts  ilscll' CDiivcnicmly  and  jtrcfcrciitiaJly  lor  this  study 
as  it  has  lor  the  cjUidity  control  ami  idfiitilication  ol  textiles,  paper, 
paints,  and  even  laeepovvders.  1 he  Hunter  DCl)  system  measures 
the  tot;il  relleetion  (L);  tlie  red  {+)  \ersus  green  ( ) as  the  (a)  index; 

and  the  yellow  (+)  versus  the  blue  ( ) as  the  (b)  index.  Witli  the 

numerietil  indices,  the  red  (a)  iiulieates  the  rellective  intensity  of 
the  hemoglobin  components  in  the  skin  and  tissues,  while  the  yel- 
lovt'  rellective  intensitt'  aec(.>unts  lor  tin-  reneetunee  of  the  natiirtd 
carotene,  the  principtil  subdermal  pigments  (along  with  melanin) 
which  are  to  be  replicated  for  the  intrinsic  coloration  of  facial 
prosthesis.  I'he  topictil  or  extrinsic  matching,  along  with  ( haracteris- 
tic  skin  blotches,  can  be  applied  by  the  artist-prosthetist,  or  through 
the  application  by  the  individual  of  an  appropriately  matched  face 
powder. 

Digital  Color  Difference  indices  of  Human  Skin 

Table  2 summarizes  the  measured  DCI)  indices  for  renectance 
(L),  and  for  the  red/, green  (±a)  and  the  yellow/blue  (±b)  indices, 
along  with  the  corresponding  ratios  to  indicate  dominance  of  the 
red  (a/b)  or  domin;ince  of  the  yellow  (b/a)  in  visual  sensatiems.  In- 
cluded also  in  Table  2 are  DCH  indices  obtained  with  cosmetic- 
hand  swatches  (from  Number  4 to  16),  which  reveal  considerable 


1.ABI.K  2.  Hunterlab  UCD  Indices  Measured  with  Human  Skin  (Dorsal) 


Colorimeter  Measurements 

Substrate 

j Reflect,  ^ce 

(a)/(b) 

(b)/(a) 

(L) 

(a) 

(b) 

Ratio® 

Ratioa 

Human  skin 

Caucasian  Lightest 

50.1 

+ 2.2 

+ 10.4 

0.22 

4.73 

Darkest 

59.9 

+ 8.6 

14.8 

0.58 

1.72 

Negroid  Lightest 

44.7 

+ 9.4 

+ 17.1 

0.55 

1.82 

Darkest 

48.2 

+ 10.2 

+ 17.4 

0.59 

1.71 

Cosmetic  Hand  Swatches  (from  Number  4 to  16) 

Lightest 

44.1 

4.6 

+ 13.3 

0.35 

2.89 

Darkest 

66.2 

+ 9.9 

+ 18.7 

0.53 

1.89 

^The  (a)/(b)  ratio  provides  an  indication  of  the  dominance,  or  more  pertinently  the  sub- 
dominant intensity,  of  the  redness,  such  that  when  the  ratio  reaches  1.0  the  two  color 
sensations  are  in  equal  mono-spectraJ  intensity.  Conversely  this  applies  to  the  yellow- 
ness with  the  (b)/(a)  ratio.  The  mono-spectral  intensity  is  preserved  as  the  pure  colorants 
related  to  the  hemoglobin  and  the  carotene  components  of  living  skin  and  its  under 
(subdermal)  layers. 


162 


Other  VA  Research  Programs 


iliscrcpaiicy  Ironi  the  readings  obtained  witli  human  skin  of  both 
races.  In  terms  of  tlie  (a)/(b)  and  the  (b)/(a)  ratios,  the  Hunter 
IHd)  indices  reveal  ,Jso  a marked  difference  between  the  Cau- 
ca,sian  and  tlie  Negroid  races,  die  latter  having  a higher  redness 
factor  presumably  due  to  the  fractional  spectra  in  this  direction 
contributed  by  the  natural  melanin. 

Digital  Color  Difterence  Measurements  for  Artificial  Pigments 

following  the  criteria  of  skin  coloration  already  described,  a 
series  of  commercial  reils  and  yellows  are  being  formulated  with  the 
standard  polysiloxane  (silicone)  prosthesis  formulation  (1)  in  the 
form  of  concentrates  containing  precise  amount  of  the  pigments, 
from  which  intrinsically  pigmented  stocks  can  be  prepared  for  mak- 
ing the  prosthesis.  Currently,  these  stocks  are  pigmented  to  accom- 
modate two  levels  of  intrinsic  colorations  for  each  of  the  two  races. 
I'he  intrinsic  colorations  are  selected  to  provide  from  GO  to  80  per- 
cent of  the  1)C1)  indices.  I'he  final  extrinsic  or  topical  coloration 
can  be  applied  by  the  artist  or  prosthetist  t<j  match  the  individual’s 
skin  adjacent  to  the  prosthesis. 


Table  3.-SeUcted  Candidatf  rigtnents  for  Intrinsic,  Stable  (3),  Facial  I’rostheses 


1 

Indusuval 

Identification 

llun 

ter  DCil)  Indices^ 

1 Redness  ^ 

I +(a) 

Yellowness  ^ 
-t(b) 

laWlb) 

Ratio 

Red  Group 

(partial,  selected) 

Monastral  Red 

RT-759-D 

44.9 

12.4 

3.62 

Monastral  Pink 

RT-215-D 

36.6 

10.5 

3.49 

Magico  Iron  Oxide  Red^ 

1 I.-205-CS 

34.2 

17.4 

1.97 

Monastral  Maroon 

1 RT-792-D 

' 28.3 

12.4 

2.28 

Red  Rayon  Kloe  (1/32  ') 

(Claremont) 

5.8 

9.8 

0.59 

Yellow  Group 

! 

(partial,  selected) 

Monastral  Gold 

VT-823-D 

18.8 

18.4 

1.02 

Magico  Iron  Oxide  Brown^ 

422  L-71 174 

20.7 

16.8 

1.23 

Yellow  Oxide  (Pfizer)^^ 

VO-3087 

14.8 

34.4 

0.43 

Yellow  Ochre  (Winsor  & Newton) 

(I) 

25.9 

0.04 

Carotene  (Sigma  Chemical) 

10.6 

16.1 

0.66 

Melanin  (Sigma  Chemical) 

i 2.8 

7.3 

0.38 

Color  Differences  OlantcrUb) 


'’Reasonably  stable  to  acidic  exposure  but  may  be  severely  discolored  by  hygienic  cleans- 
ing agents  such  as  are  used  for  dentures  (Effcrdent)  or  in  laundry  (Clorox),  etc.  The  iron 
oxides  may  turn  to  ferric  chloride  which  is  intensely  green  (-a)  and  may  give  an  unde- 
sirable. non-living  coloration. 
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1‘icscnlly,  llu-  loiKcntratts  arc  I'urmulalcct  to  10  percent  pif-ment 
level  as  is  done  iti  industritil  praetiee  of  coloring  plasties  anti  elas- 
tomers. for  pigment-stamlarili/.ation  measurements  for  the  1)C1) 
indices,  the  concentrate  is  further  processed  at  a level  ol  0.10  per- 
cent concentrate,  which  ultimately  brings  the  precise  pigment 
le\el  to  0.01  perient  level.  Table  3 summarizes  a select  group  of 
the  two  most  prominant  cttlorants,  namely  the  red  and  the  yellow, 
processed  from  the  concentrate  to  the  0.01  percent  level,  which 
was  accorded  the  designation  as  stock  material  tor  the  intrinsictilly 
irigmented  prosthesis. 

The  measurements  of  the  digital  color  differences  indicate  an 
idmost  uniform,  stepwise  gradation  from  redness  to  yelhnvness, 
thereby  providing  a quantitative  index  for  any  one  of  the  pigments 
for  a combination  that  can  be,  by  an  appropriate  calculation,  form- 
ulated into  a coticentrate  for  use  in  making  the  sttxk  materitil.  This 
is  precisely  the  manner  by  which  the  intrinsically  colored  prostheses 
are  being  made  for  a preference  study  now  underway.  I he  data  in 
Table  2 point  out  that  a high  (a)/(b)  red  pigment  and  a low  (a)/(b) 
yellow  pigment  should  more  nearly  approximate  the  existing 
natural  pigments  in  the  skin,  namely  hemoglobin  and  carotene,  re- 
spectively. It  is  surprising  to  note  that  carotene  and  melanin  (the 
tliird  principal  component  pigtnent  in  skin  and  living  tissue)  while 
nominallv  considered  yellow  and  brown,  actually  show  an  appreci- 
able amtnmt  of  the  spectral  red  rellectancc. 

This  method  of  tletermining  the  DCI)  indices  in  processeil  con- 
centrates and  stocks  is  a continuing  feature  of  this  program,  siij)- 
plemented  by  projected  investigations  of  intrinsic  dis|3ersion  of  the 
spectrtil  indices  using  titania  blended  with  the  concentrate  and 
hence  the  stock. 

In  view  of  the  complex  variations  in  the  refractive  properties  of 
the  physiological  components  in  the  skin  and  especitdly  the  tissues, 
this  effort  also  includes  the  addition  of  organic  modifiers,  in  this 
case  polyisobutylene,  which  has  ;m  index  of  refraction  differing 
from  that  of  polysiloxane.  Tolyisobutylene  is  being  studied  as  a 
tackifving  agent  to  retain  extrinsic  colorations  even  by  the  simple 
powdering  of  cosmetic  facial  powders. 

References 

1 . Schweiger,  James  W.  and  John  h . Lont/.:  Bulletin  of  Prosthetics  Research,  BPR  1 0123 
Spring  1975,  page  319.  See  also  Lontz,  John  F.,  James  \V.  Schweiger,  and  .\.  William 
Burger:  Development  and  Standardization  of  Polysiloxane  Maxillolacial  Prostheses. 
Presentation  at  the  Twenty-Second  Annual  Meeting,  American  Academv  of  Maxillo- 
facial Prosthetics,  November  1975,  Williamsburg.  Virginia. 

2.  Lontz,  John  F.,  James  W.  Schweiger.  and  A.  William  Burger:  Standards  of  Clolor 
Matching-General  Concepts  for  Pigment  Selection.  Presentation  at  the  First  Inter- 


Other  VA  Research  Programs 


national  Symposium  for  facial  Frosihciics,  April  lS7(i,  Arnh<in,  llu-  Nitlnrlanils, 
3.  Ibid,  see  Tables  4 and  5 summari^inti  tbe  elicit  ol  aitinu  exposure  and  exposure 
to  acidic  vapors,  respectively. 


Pcrniaiifiitly  .Xttachfd  .Xrlifitial  l.iinijs 

Southwest  Research  insitute 

8500  C^ulehra  Road 

San  /Xntoiiio,  l exas  78284 

C.  William  Hall,  M.I). 

Introduction 

Over  the  past  several  years,  numerous  designs  ot  a permanentl 
attached  artificial  limb  have  been  designed  for  placement  oti  tbe 
amputated  tibia  of  Spanish  goats.  Criteria  for  future  designs  have 
been  selected  from  past  successes  and  failures  and  have  been  pre- 
viously enumerated.  (Sec  BPR  10-25,  pp  69-96,  Spring  1976). 
To  date,  we  have  little  to  add  to  these  criteria,  with  the  possiiile 
exception  of  the  method  for  skin  penetration  wliieh  is  the  subject 
of  this  report. 

Previous  reports  have  dealt  with  various  methods  for  attaching 
the  endoprosthesis  to  the  bone;  i.c.,  intramcdullarv  , supracortical, 
and  supraperiosteal  (Pig.  13).  Ivach  of  these  methods  used  a direct 
skin-penetrating  member  coated  witli  one  of  the  skin-inicrfacing 
materials.  Regardless  of  what  material  had  been  used  for  skin  in- 
terfacing, the  results  eventually  terminated  in  the  skin  retracting 
beyond  the  reach  of  the  skin  interfacing  material.  Best  results  had 
been  obtained  using  nylon  or  Dacron  velour  as  the  skin  interfac- 
ing material,  and  we  had  blamed  the  “growth  phenomenon”  for  the 
eventual  failure  of  these  materi;ds. 

Briefly  stated,  the  “growth  phenomenon”  of  this  theory  is  seen 
when  a velour-covered  skin-penetrating  device  has  been  implanted 
for  several  weeks  or  months.  As  healing  occurs,  basal  cells  attach 
themselves  to  the  monofilament  fibers  of  the  velour.  The  physical- 
chemical  attraction  of  each  cell’s  protein  surface  appears  sufficient 
to  keep  it  at  a particular  locus  on  the  fiber’s  surface.  .Xs  the  basal 
cell  matures,  it  migrates  toward  the  skin’s  surface— carrying  with  it 
the  monofilament  fiber.  Since  iUl  the  basal  cells  at  a specific  depth 
from  the  surface  have  approximately  the  same  rate  of  maturation, 
a vector  force  is  continually  pulling  the  velour-covered  device 
toward  the  surface.  This  causes  the  device  to  literally  “grow”  like 
hair,  nails,  etc.  Hence,  the  term,  “growth  phenomenon.” 

A more  critical  evaluation  disclosed  that  an  elastic  membrane 
covering  a cylindrical  object  should  have  the  membrane  intact  over 
the  end  of  the  cylinder.  If  a hole  were  placed  in  the  membrane  at 
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FIGI’RK  13.  The  transition  oi  the  intramedullarv  rod  to  a supracortical  and  later  to  a 
supraperiosteai  interfaeini'  is  shown  iit  the  above  Ime  drawing.  All  use  a simple  pylon 
exiting  direclU  to  the  exterior.  The  inirat>u*duilan  (A)  method  used  a rod  coaled  with 
such  materials  as  porous  porous  polymeihy)melhacT>)atc,  sandblasted  stainless 

steel,  sandblasted  VitalHum®  and  stainless  steel  with  bone  cement.  A morticed  pedestal 
coated  with  nylon  velour  hof>de<l  to  the  inirainedullar\  rod  serves  to  stabilize  the  long 
axis  against  forces  of  tortjue  in<l  to  anchor  the  skin  through  which  it  penetrates. 

B,  C,  and  1)  are  similar,  in  th.'t  each  has  < olleLs  compressing  either  cortical  bone  direct- 
ly or  periosteum  through  a layer  )f  ir.terposed  elastomer.  velour-covered  forcing  cone 
driven  by  a jam  nut  causes  tlie  forcing  ct>ne  to  compress  the  collets. 


the  end  of  the  snpportitiK  sinietiire  (in  tliis  e;ise,  hone  and  the  at- 
tached endoprosthesis),  the  elastic  ineinltranc  retracts,  allowing  the 
supporting  structure  to  protrude.  .Most  surgeons  have  on  occasion 
been  witness  to  this  when  putting  on  a rubber  glove  with  a small 
hole  in  the  tip  ot  one  of  the  glove’s  fingers  and  having  the  surgeon’s 
finger  suddenly  appear  through  the  glove’s  fingertip. 

It  finally  became  apparent  from  these  consistent  failures  that,  no 
matter  what  interfacing  rnateri.d  was  to  be  used,  the  skin  over  the 
amputated  stump’s  end  should  be  left  intact.  I his,  ol  course,  leaves 
one  with  a new  problem,  which  is  how  to  transfer  the  skeletal  brad 
to  the  exterior  without  going  through  intervening  soft  tissues 
(which  would  violate  our  first  criterion  for  the  development  of  a 
permanently  attached  artificiid  limb). 

The  Involuted  Approach— A New  Method 
for  Percutaneous  Skeletal  Attachment 

Adoption  of  the  idea  of  closing  the  amputated  end  of  the  stump 
and  yet  transferring  the  skelet;il  load  to  the  exterior  dictated  ,m 
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indirect  apprcjutli.  IMacing  the  end  of  tlie  bone  in  a basket  or  bucket 
supported  at  the  lip  by  lugs  would  albrw'  such  a load  transler,  pro- 
vider! that  the  lugs  penetrated  the  skin  some  distance  proximal  to 
the  stump’s  end  and  could  be  appropriately  attached  to  an  externril 
pylon.  Tracing  the  transmission  of  forces  from  the  bone’s  shaft  to 
the  bottom  of  the  bucket,  then  up  the  walls  of  the  bucket  to  the 
lugs,  and  then  down  the  pvlon  to  the  ground,  shows  the  reasoning 
behind  selection  of  the  term  “involuted.” 

Figure  14  shows  the  evolutirmary  develojiment  of  this  apprrrach. 
.A  stainless  steel  basket  having  an  elastomer  inner  liner  allowed  a 
“(]uick  and  dirty”  lorrk  at  this  radical  departure  from  the  direct  ap- 
proach. Figure  15  demonstrates  the  surgical  technique  used  for  the 
current  model.  .\  trifurcated  pylon  is  later  bolted  to  the  penetrating 
lugs. 

The  current  model  is  an  attempt  toward  simplification,  bolli  in 
fabrication  and  surgical  placement  of  the  device.  Bone  cement  is 
currently  being  used  to  bond  the  bucket  t(j  the  end  of  the  tibia.  To 
strengthen  the  surface  adhesion,  “pores”  were  made  in  the  cortical 
surface  using  an  alligator  clamp. 

Results 

To  date,  seven  of  the  stainless  steel  bucket  devices  have  been  im- 
planted. .Although  all  arc 'surviving  without  apparent  problems,  it  is 
too  early  to  predict  the  ultimate  fate  of  this  method. 


TIGURE  14.— Transition  from  the  “quick  and  dirty”  experiment  using  the  “basket” 
approach  (.\),  to  the  sophisticated  but  rather  bulky  supraperiosteal  “clam  shell"  (B),  to 
the  simple  stainless  steel  bucket  (C)  is  depicted  in  the  artist’s  drawinf^s.  Each  of  the  above 
is  an  example  of  the  indirect  or  involuted  method  of  coming  through  the  integument. 
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Figure  15. -(A).  SimpR  bclow*knee  amputation  of  the  right  hind  limb  of  a Spanish 
goat  inaugurates  the  indirect  approach  for  direct  skeletal  attachment  of  a percutaneous 
endoprosthesis.  After  stripping  the  periosteum  (B),  the  bone  is  mechanically  perforated 
to  enhance  adhesion  of  the  bone  cement  and  rigidity  of  the  bucket  (C).  Skin  closure 
over  the  end  of  the  bucket  is  similar  to  closure  of  any  amputated  stump.  Small  longi- 
tudinal skin  incisions  (D)  expose  the  screw  head  for  placement  of  the  trifurcated  yoke 
pylon  (E). 


Mobility  Aids  for  the  Severely  Handicapped 
Mobility  Engineering  and  Development  (MED),  Inc. 

6905  Shoup  Avenue 

Canoga  Park,  California  91306 

Charles  M.  Scott  and  Ronald  E.  Prior,  Ph.  D. 

For  Progress  during  this  report  period,  sec  the  article,  “Mobility 
Aids  for  the  Severely  Handicapped,”  appearing  in  BPR  10-26, 
pages  392-433. 


In  Vivo  Loading  of  Knee  Joint  Replacement 
Case  Western  Reserve  University 
Biomechanics  Laboratory 
Bingham  Engineering  Building 
Cleveland,  Ohio  44106 

Richard  H.  Brown,  Ph.  D.,  Kingsbury  G.  Heiple,  M.D.,  Victor  M. 
( Goldberg,  M.D.,  and  Albert  H.  Burstcin,  Ph.  D. 

I No  progress  report  was  submitted  by  this  contractor  for  this 

report  period. 
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Research  and  Development  I’roject  on  Adsaneed  Ortliotie  Devices 

for  Adult  Paraplegics 
Prast  Research  Associates 
1094  Stony  Point  Road 
(irand  Island,  New  York  14072 
Martin  1 . Prast 

Lawrence  L.  C^arlson,  Ph.  1). 

University  of  (Colorado 
School  of  Lngineering 
Boulder,  tiolorado  80S02 

The  PACO  Concept 

The  PACO,  an  acronym  for  Pivot  Ambulating  Crutchless  Or- 
thosis, is  designed  to  be  one  component  of  a complete  mobiluc 
system  for  adult  paraplegics,  for  short  distances  (50  m),  the  P.VCO 
unit  provides  mobility  and  upright  support.  I'o  travel  up  to  1 km, 
a conventional  wheelchair  is  an  efficient,  practical  scjlulion,  while 
longer  trips  would  necessitate  a motorizecl  vehicle  (automobile  or 
bus).  The  gcraJs  of  the  P.\CO  system  arc  to  provide- 

1.  support  and  balance  in  an  upright  position  without  use  of 
hands; 

2.  limited  ambulation  in  the  upright  position; 

3.  unaided  standing  and  sitting; 

4.  compaubilily  with  wheelchairs; 

5.  a device  that  is  easy  to  don  and  doff;  and 

6.  easily  adjusted  by  an  orthotist  for  various  patients. 

The  PACO  concept  was  inspired  by  the  1970  development  of  the 
“Parapodium”  for  children  at  the  Ontario  Children’s  Centre  by 
Wallace  Motloch,  who  also  developed  the  pivot  walk  method  of 
forward  locomotion.  Pivot  ambulation  accomplishes  forward  loco- 
motion through  successive  body  rotations  about  vertical  axes  latertil 
to  the  feet  (Fig.  16).  The  related  swivel  walking  utilizes  basically 
the  same  concept,  with  the  soles  of  the  feet  being  the  respective 
points  of  rotation.  In  cither  case,  the  amount  of  forward  progres- 
sion with  each  step  is  a function  of  the  lateral  spacing  between 
pivots  and  the  angle  of  rotation. 

Present  State  of  Effort 

PACO  III  was  designed  to  retain  the  advantages  of  PACO  II  while 
satisfying  all  of  the  stated  design  goals.  The  first  step  toward  inde- 
pendent standing  was  the  design  of  wheelchair  armrests  which  can 
be  turned  around  so  that  they  project  forward  of  the  chair.  Tele- 
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Figure  le.-Pivot  ambulation:  forward  progression  by  alternating  rotations  about 
two  lateral  points. 


Figure  1 7. -Lateral  schematic  view  of 
PACO  III. 
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scoping  tubes  arc  then  lowered  to  tlu'  Hooi  to  prevent  tip|Mng 
torvvard  and  the  armrests  are  raised  up  as  much  as  40  cm.  1 lie  re- 
Sidt  is  a pair  of  stable  parallel  bars  attac  hed  to  the  wheelc  hair. 

l.ike  its  predecessor,  l’.\(.'()  111  (l  ig.  17)  has  upper  and  lower 
modules  for  easier  donning  and  doMing  while  sealc  cl  in  the  wheel- 
chair. rile  lower  module  is,  in  essence,  a triangular  struc  ture.  l ele- 
scoping  tubes  allow  .idjustment  lor  knee-to-.iiikle  length.  Knee 
locks  on  the  up|)er  module  slide  onto  the  hexagonal  studs  located 
at  the  knees  ol  the  lower  module,  as  .i  socket  wrench  slides  on- 
to a nut.  The  knee  locks  employ  a cable-wr.ip|)ed  cajistan  which, 
when  engaged,  allows  knee  extension  but  not  Hexion.  When  he  is 
standing,  therelore,  the  knee'  loc  ks  will  hold  the  paraplegic’s  weight 
it  he  cannot  do  so  with  his  aims.  When  he-  is  lully  upright,  preset 
latches  at  the  knees  and  liijis  an tomatic  .Jly  eng.ige,  creating  a rigid 
structure  I'rom  base  to  torso-support,  lo  sit,  he  disengages  the  hip 
and  knee  latches,  and  the  capstan  can  be  slipped  gradu.illv  with  the 
lock  levers  to  allow  controlled  descent. 

I'liin-wall  rectangular  aluminum  tubing  lorms  the  later.il  struts 
ol  the  upper  module,  representing  a live-lolcl  increase  in  lateral 
bending  stillness  over  the  solid  1-section  of  l’.\C(J  11,  and  an  18  per- 
cent saving  in  weight.  .-Mso,  the  mechanisms  which  actuate  the  hip 
and  knee  locks  are  contained  within  the  tubing,  making  the  design 
cleaner  and  more  reliable.  Adjustment  of  the  upper  struts  (knee- 
to-hip  length)  is  accomplished  by  simply  sawing  the  tubing  to 
length  and  drilling  four  holes. 

.At  this  time  assembly  and  distribution  are  being  completed. 

The  main  disadvantage  apparent  in  this  concept  at  present  is 
relatively  poor  cosmesis.  It  is  our  hope  that  this  will  be  offset  by 
the  advantages,  especiidly  for  active  paraplegics.  Tvaluation  of  four 
P.ACO  111  units  currently  under  construction  should  help  clarify 
this  qtiestion. 

Goals  for  the  Future 

.Stair-climbing  is  the  most  important  remaining  barrier  whose 
elimination  is  asked  by  most  paraplegics.  .Architects  seem  to  de- 
light in  designing  split-level  homes,  sunken  living  rooms,  multi-step 
entrances  in  public  buildings,  and  landscaping  and  house  design 
which  require  entering  halfway  between  two  floor  levels— making 
all  of  them  inaccessible  for  the  wheelchair-bound.  Paraplegics  ob- 
ject to  such  discrimination-by -design. 

We  believe  that  our  crutch-less  standing  brace  technology  may 
become  the  first  essential  building  block  toward  paraplegic  stair 
Climbing.  That  would  eventually  open  the  way  to  much  better 
rehabilitation  of  paraplegics  who  are  now  excluded  from  that  large 
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porlion  of  tlic  world  acccssilrlc  only  over  multiple  elosely-s|raeed 
steps.  11  a paraplegic-  could  bridge  the  tliree-to-six-step  barrier  that 
now  blocks  bis  access  to  many  public  and  private  buildings,  he 
could  function  usefully  at  many  more  locations. 

.Adequate  rehabilitation  has  not  been  achieved  as  long  as  such 
large  portions  of  the  world  remain  off-limits  to  the  independently 
mo\  ing  paraplegic. 


Kngineering  .Applications  in  Orthotic  and  Prosthetic  rreatment  of 

.Musculoskeletal  Defects 
.Motion  .Study  Laboratory 
Rehabilitation  Medicine  Service 
V'eterans  .Administration  Hospital 
10701  East  Boulevard 
Wade  Park,  Cleveland,  Ohio  44106 
E.  Byron  .Marsolais,  M.D.,  Ph.  D.,  and  E.  Schulz,  E.  E. 

Three-Dimensional  Gait  Analyses 

Since  the  last  progress  report,  two  additional  normal  subjects 
have  been  analyzed  by  means  of  our  three-dimensional  stroboscopic 
gait-analysis  system.  These  studies  have  been  helpful  in  improving 
the  computer  analysis  as  well  as  our  EMG  recording  techniques. 
They  have  also  been  important  in  developing  the  computer  soft- 
ware necessary  to  generate  clinically  useful  graphic  displays  based 
on  gait  data.  Because  of  the  tremendous  costs  in  time  and  cnergv' 
involved  in  the  stroboscopic  studies,  it  has  been  resolved  that  maxi- 
mum effort  be  directed  towards  the  automation  of  the  three-dimen- 
sional force  analysis  incorporating  the  Selspot  System.  Towards  this 
end,  the  Selspot  cameras  have  been  mounted  as  they  are  to  be  used 
for  monitoring  motion,  and  careful  tests  have  been  performed  to 
determine  the  precise  capabilities  of  the  system. 

Two-dimensional  kinematic  studies  have  been  carried  out  using 
each  Selspot  camera  separately  to  record  the  motion  of  five  light- 
emitting  diodes  (LED’s)  fastened  to  one  leg  and  arm  of  a subject. 
The  results  were  then  displayed  graphically  as  a stick-figure  se- 
quence. The  system  proves  to  be  functional,  but  the  errors  at  the 
limits  of  the  cameras’  fields  of  view  arc  not  acceptable  (±  2.0  cm 
in  the  laboratory  space).  Optical  synchronization  also  becomes 
marginal  at  the  extremes,  and  may  be  entirely  lost  if  the  synchro- 
nization LED  does  not  point  directly  enough  at  the  ctmiera.  Other 
faults  have  also  been  discovered. 

All  these  problems  appear  to  be  related  to  LED  intensity.  It  is 
believed  that  minor  changes  in  the  LED  driving  circuits,  and  in- 
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corporation  of  more  efficient  LKD’s,  will  aehieee  the  necessary  im- 
provements and  may  ;ilso  eliminate  llie  neeessitv  f>rr  two  liglil 
sources  per  analomit  id  target.  Other  circuit  changes  are  anticipated 
which  will  ml  power  reijuircmenls  for  the  IdvD’s  hy  G7  percent. 
I’his  will  greatly  increase  the  possibility  of  battery-powered  opera- 
tion, which  would  eliminate  the  need  for  cables  to  the  patient. 

The  st)ftware  contiadling  llte  acquisition  of  Selspol  data  has  been 
optimized  to  ;dlow  a sampling  rate  irf  100  llz,  and  has  been  itiodi- 
lied  since  the  last  rcqnrrt  to  allotv  the  analog-lo-digital  cajnverler  to 
acquire  force-plate  and  E.\IG  data  in  synchrony  with  Selspot  op- 
erations. riiree-dimensional  kinematic  analyses  will  be  possible 
as  st)on  as  the  new  LED’s  have  been  incorporatetl. 

Comparison  of  Five  Orthoses, 

Including  an  Implanted  Electronic  Stimulator  (NMA) 

.Mthough  this  study  was  initially  targeted  to  include  ten  patients, 
no  additional  volunteers  for  the  electricid  stimulation  implant 
(Neuromuscular  Assist— N.\1A)  were  added  to  the  study  over  this 
last  reporting  period.  It  has  been  decided,  at  this  point,  to  aindyze 
the  information  on  the  seven  patients  presently  involved.  Tests  on 
these  patients  have  been  completed. 

The  Eunctional  Electronic  I’eronetd  Brace  (EEPB)  was  found  to 
be  so  dilficult  to  use  that  completed  tests  including  this  brace  were 
possible  on  only  one  patient.  Difficulties  included  creeping  of  the 
electrodes  away  from  the  motor  point,  and  skin  irritation  after  pro- 
longed use.  The  device  was  also  very  difficult  for  patients  to  manage 
at  home. 

I'he  study  on  normal  subjects  mentioned  in  the  prexious  report, 
in  connection  with  the  orthotic  study,  has  been  expanded  to  in- 
clude 20  females  and  26  males.  The  data  based  on  normals  have 
been  more  carefully  studied  since  the  last  report,  and  some  signifi- 
cant correlations  between  foot  contact  measurements  and  various 
independent  variables  (including  body  build)  have  been  noted.  .N 
paper  on  this  detailed  study  has  been  completed  and  will  be  sub- 
mitted to  Clinical  Orthopaedics  and  Related  Research. 

As  a consequence  of  these  new  findings  tlic  scoring  system  men- 
tioned in  the  previous  report  has  been  modified.  paper  on  this 
aspect  is  being  prepared  and  it  is  planned  to  submit  it  for  publica- 
tion during  the  next  reporting  period. 

Functional  Electrical  Stimulation 
of  Paralysis  of  Musculature  of  the  Hip 

The  design  of  the  microprocessor-based  stimulation  system  to  be 
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iiscel  ill  lliis  stiuly  vviis  ctmiplclcd  during  the  last  halt  of  197t). 
Fabrication  has  been  initiatetl. 

Some  problems  with  movement  and  breakage  of  the  implanted 
electrodes  have  been  experienced  in  the  experiments  to  determine 
the  functional  contributions  of  the  various  hip  muscles.  Fxperi- 
ments  to  determine  the  exact  catise  and  to  find  solutions  to  these 
problems  are  under  way  at  Case  Western  Reserve  L'niversity.  Some 
larger-diameter  coil  wire  electrodes  will  be  tested  here  in  the  near 
future.  It  is  believed  that  these  will  be  less  vulnerable  to  breakage. 

Patient  Fvaluation  of  a Functional  Flectrical  Stimulation  Hand 
Orthosis 

Veterans  .Vdniinistration  Hospital 
10701  Fast  Boulevard 
Cleveland,  Ohio  44106 
P.  Hunter  Peckhain,  Ph.  1). 

The  purpose  of  this  project  is-tc.)  evaluate  dinicalh'  the  perform- 
ance of  an  orthotic  system  which  provides  s|)inal-cord-injury  pa- 
tients with  controlled  hand  motion,  and  to  investigate  the  feasi- 
bility of  deploying  this  system  to  a largtrr  group  of  patients  in  more 
extensive  clinical  testing.  I'he  system  employs  electrical  stimulation 
of  the  finger  flexor  and  extensor  muscles  of  C5  cpiadriplegic  pa- 
tients to  provide  controlled  prehension  and  release,  respectively. 
Evaluation  of  the  orthosis  will  include  testing  of  the  system  for 
performance  parameters  as  well  as  evaluation  of  the  clinictd  accepta- 
bility of  the  device  to  the  patient. 

The  system  under  development  (based  on  a prototype  system  de- 
veloped in  the  Applied  Neural  Control  Laboratorv'  at  Case  Western 
Reserve  University)  operates  as  follows: 

1.  The  position  of  the  head  or  shoulder  is  transduced  and  used  to 
control  the  stimulus  delivered  to  the  appropriate  finger  llexor 
or  extensor  muscles; 

2.  Chronically  indwelling  percutaneous  coil  wire  electrodes  are 
used  to  apply  the  stimulus; 

3.  Automatic  control  has  been  added  to  enable  the  patient  to 
choose  and  reset  his  zero  reference  position,  anti  hold  the  stimu- 
lus output  regardless  of  his  pro()ortion;il  signal.  These  functions 
arc  controlled  by  a processed,  two-level  myoelectric  signal. 

The  prototype  tmit  is  inconvenient  tor  the  padent  to  use  because 
it  is  large  and  heavy,  and  therefore  restricted  to  non-portable  use. 
Furthermore,  interconnection  to  the  patient  is  awkward  and  time 
consuming.  These  limitations  have  made  the  units  unacceptable  to 
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tlic  palifiit  lor  routine  daily  use.  Miniaturization  of  tlie  device 
vvoukl  promote  its  acceptance. 

Two  pliases  are  involved  in  I'ldlilling  the  goals  of  this  research 
project.  I'he  first  phase  is  the  design  and  fahricatioti  of  the  minia- 
ture stimulation  hardware  and  controls  in  a form  siutahle  lor  use 
hy  the  quadriplegic  patient  and  his  attendant.  The  second  phase 
involves  the  evaluation  and  deployment  of  these  systems  to  the 
patients.  I'he  primary  involvement  to  date  has  been  in  fahricatit)n 
of  an  ap|)ropriate  device. 

The  system  under  development  ojterates  conceptu.JIy  the  same 
as  the  prototype  system,  except  that  provision  has  been  made  for 
the  alternate  (myoelectric)  control  scheme.  This  feature  allows 
selection  of  (rne  of  two  control  schemes,  de|)ending  upon  which 
is  more  appropriate  to  the  individu,d  patient. 

The  primary  focus  has  been  <jn  miniaturization.  In  order  to 
acliieve  the  small  size,  convenient  use,  and  reliable  performance 
rec|uired  hy  the  patient  systems,  major  hardware  redesign  of  the 
eWRU  system  has  been  necessary.  Specifi<  .dlv,  tlu'  circuitry  has 
been  redesigned  to  utilize  a minimum  numher  of  ccjmponents  con- 
sistent with  reliable  operation,  and  witli  mitiimum  current  con- 
sumption requiring  the  fewest  possible  batteries.  Ihroughout  the 
design,  a modidar  approach  has  been  utilized;  this  appnjach  will 
allow  individiuil  blocks  to  be  translated  into  the  design  (d  future 
devices  for  similar  applications.  Design  of  modidar  blocks  for  this 
system  has  been  completed  and  all  except  one  has  been  constructed 
and  tested. 

The  test  modules  liavc  been  combined  into  an  operational  labora- 
tory stimulator.  This  unit  will  serve  two  purposes,  first,  it  will  be 
used  by  patients  in  the  laboratory'  prior  to  miniaturization  to  insure 
jrroper  operation  of  the  patient  version.  Second,  since  the  large  de- 
vice exactly  replicates  the  operation  and  circuitry  of  the  small  units, 
it  will  he  used  to  determine  control  and  stimulus  parameters  which 
will  vary  from  one  [ratient  to  another— these  can  then  be  fixed  in 
each  individual’s  personal  stimulator.  This  allows  further  reduction 
in  size  by  eliminating  ;dl  internal  potentiometers. 

riinjughout  critic  d stages  of  design,  patients  who  will  be  candi- 
dates for  this  system  have  been  invoKcd  in  evaluating  various  as- 
pects. In  particular,  experiments  were  performed  to  examine  the 
problem  of  interference  of  the  stimulus  artifact  on  the  myoelectric 
sigmd  (.Mf.S).  The  results  demonstrated  that  gating  the  MTS  am|jli- 
fier  off  during  the  presence  of  the  stimulus  artifact  eliminated  this 
problem. 

In  the  next  jjeriod,  proper  operation  of  the  laboratory  unit  will 
be  ascertained  and  the  design  implemented  in  the  miniature  patient 
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(luvices.  The  goal  is  to  tahricatc  units  which  have  external  dimen- 
sions ot  roughly  4X6X2  in.  The  circuitry  will  he  produced  on 
printed  circuit  hoards  using  miniature  components  and  high-density 
techniques.  To  provide  easy  use  hy  the  patient,  the  device  will  re- 
quire only  a single  connector  to  activate  the  system,  and  mercury 
batteries  will  he  used  to  eliminate  the  need  for  recharging;  antici- 
pated Itattery  life  is  approximately  2 months  with  expected  usage. 

At  present,  three  patients  who  are  candidates  for  use  of  this 
system  are  working  with  these  investigators. 

Ultralight  Jfelo^v-Kiiee  Prosthesis 
.Moss  Rehabilitation  Hospital 
Rehabilitation  Ungineering  Center 
1 2th  Street  and  l abor  Road 
Philadelphia,  Pennsylvania  19141 
\.  Bennett  Wilson,  Jr. 

The  contract  with  the  Veterans  Administration  for  development 
of  a practical  ultralight  bclow-knee  prosthesis  became  effective 
October  6, 1976. 

riie  original  concept,  which  has  not  changed,  was  to  provide  a 
crustacean-type  bclow-knee  prosthesis  of  molded  sheet  polypropy- 
lene, that  would  consist  of  only  three  |)arts— the  socket,  the  shank- 
foot  section,  and  a sole-and-heel  section  (Fig.  18).  Any  or  ;ill  func- 
tions provided  by  the  variations  of  the  conventional  PTB  prostheses 
can  be  obtained,  the  only  change  being  reduction  in  weight  and  any 
consequent  shift  in  the  center  of  gravity. 

Experience  before  and  since  October  6,  1976,  has  shown  that  the 
properties  of  sheet  polypropylene  are  quite  satisfactory  for  use  of 
this  materiiil  in  the  fabrication  of  sockets,  shanks,  and  feet  for  be- 
low-knee  prostheses  (Fig.  19,  20,  21).  Workmanship,  of  course, 
plays  a considerable  role  in  the  strength  of  the  assembly.  North- 
western University  has  conducted  some  tests  to  destruction  and 
found  that  prostheses  made  of  polypropylene  at  N’U  according  to 
our  instructions  were  quite  satisfactory. 

Most  of  the  time  has  been  spent  on  development  of  a practical 
method  for  fabrication  of  the  foot  section.  Two  fairly  comparable 
methods  have  evolved.  In  one,  a temporary  foot  is  made  by  form- 
ing polypropylene  over  a SACll  foot  to  form  a hollow  foot,  which 
is  used  during  dynamic  alignment  and  (later)  as  a mold  for  the  posi- 
tive foam  model  over  which  the  definitive  foot-and-shank  section  is 
molded.  The  alternative  method  uses  an  external-keel  type  of  .S.ACH 
foot  during  alignment,  and  the  keel  as  part  of  the  positive  model. 
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Figure  18.  Crustacean-lypc  below- 
knee  prosthesis:  A.  molded  polypropylene 
socket;  B.  molded  polypropylene  shank 
and  foot;*  and  C,  sole  and  heel  cushion. 


Both  methods  have  advantages  and  disadvantages  when  compared 
with  each  otlier,  and  both  will  be  presented  in  a manual  which  is 
being  prepared  for  submission  to  the  Research  Center  for  Pros- 
thetics. 

It  is  anticipated  that  one  manufacturer  or  more  will  make  avail- 
able either  mass-produced  (probably  blow-molded)  polypropylene 
feet,  or  specially  sized  external  keels,  to  reduce  shop  time. 

Because  of  the  tremendous  reduction  in  weight  (approximately 
60  percent)  the  problem  of  suspension  is  reduced,  and  it  has  been 
the  custom  here  to  provide  supracondylar  brims  that  require  no 
auxiliary  suspension  devices  such  as  belts,  cuffs,  or  wedges.  Poly- 
propylene sockets  are  accepted  quite  well  by  the  patients,  iuid  are 
in  fact  preferred  by  most  because  of  the  “feel.” 

A manual  will  be  completed  by  March  15,  1977.  Though  not 
specified  in  the  contract,  a report  on  patient  use  and  reaction  is 
being  compiled. 

A field  study  or  large  clinical  evaluation  appears  to  be  in  order. 
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Figure  19.- Ultralight  polypropylene 
belovv-knce  prosthesis  before  attachntent 
of  heel  eushioii.  This  patient  prefers  no 
sole  cushion,  but  wears  shoes  with  sponge 
rubber  soles. 


I‘IGUR£  20.— Patient  donning  the  ultralight  below-knee 
prosthesis  developed  at  Temple  University. 
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Figure  21. -Patient  wearing  an  ultra- 
light polypropylene  below-kncc  prosthesis. 


Orthopedic  Im|)laiit  Device  Retrieval  and  Analysis 
VA  Hospital 

New  Orleans,  I.ouisiana  70146 
Alien  M.  Weinstein,  Ph.D. 

It  is  the  purpose  of  this  investigation  to  retrieve  ;ill  orlliopacdic 
devices  which  arc  removed  during  the  normal  and  routine  medical 
care  of  the  patient  and  correlate  the  mcdicitl  histories,  surgical 
findings,  histological  evaluations  and  radiographic  reviews  with  the 
characteristics  of  the  materials  from  which  the  implants  arc  manu- 
factured. Implants  are  retrieved  on  botli  a rcstrospectivc  and  pro- 
spective basis.  All  patients  receiving  orthopaedic  implants  are  fol- 
lowed from  tlic  time  of  insertion. 
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MccliciJ  clalu  and  mcuillurgicid  data  lonns  arc  licing  used  whicli 
arc  essentially  identic;il  to  the  AS'I'M  l'-4  draft  document  entitled 
“Standard  Recommended  I’ractice  lor  the  Retrieval  and  Analysis  of 
Metiillic  Orthopaeilic  Im[)lants.”  There  are  currently  15  patients  in 
the  study;  8 prospective  and  7 retrospective.  The  devices  retrieved 
cover  the  standard  armamentarium  of  tlie  ortlnjpaedist. 

No  correlations  ol  data  liave  as  yet  been  attempted. 


F.valuation  of  Llectrical  Techniques  for  Stimulation  of  Hard  Tissue 

Growth 
V'.\  Hospital 

Irving  .Avenue  and  University  Place 
Syracuse,  .New  York  13210 

Roltert  O.  Becker,  .\I.I).,  J.  Spadaro,  Ph.  I),,  and  A.  A.  Marino, 

Ph.  1). 

Background 

The  main  thrust  of  this  program  has  been  to  determine  the  fac- 
tors that  stimulate  and  control  growtli  and  healing  in  the  musculo- 
skeletal system,  so  that  clinical  applications  may  be  made. 

From  the  viewpoint  of  basic  biological  knowledge,  several  factors 
were  clearly  evident  when  we  began  our  studies  in  1958.  First,  die 
healing  ol  an  injury  is  a controlled  process;  i.e.,  in  the  normal  con- 
dition, cellular  activity  is  “turned  on”  in  response  to  the  injury, 
proceeds  until  healing  is  complete,  and  is  then  turned  off.  From  this 
point  of  view  it  is  a classic  example  of  a feedback  control  system. 
Secondly,  when  the  entire  spectrum  of  the  animal  kingdom  is 
looked  at,  it  becomes  apparent  that  the  healing  processes  of  more 
primitive  animals  are  far  more  competent  than  those  of  the  human. 

Of  particular  interest  to  us  is  the  healing  process  of  regeneration 
in  which  a missing  portion  of  the  body  is  regrown  into  a normal 
complex  stmeture.  The  salamander,  for  example,  is  capable  of  re- 
generating a limb  in  a few  weeks.  The  structure  of  the  salamander 
limb  is  as  anatomically  complex  as  the  corresponding  human  limb. 
Why  then  is  it  that  we  cannot  regrow  our  limbs?  The  question: 
What  are  the  factors  that  stimulate  and  control  regeneration  of  the 
salamander  limb?  would  appear  to  be  clinically  pertinent.  In  the 
human,  the  only  truly  regenerative  growth  that  we  possess  is  the 
healing  of  fractures:  therefore,  knowledge  of  these  factors  would 
at  least  be  useful  in  the  treatment  of  non-unions  of  fractures  in  the 
human.  Furthermore,  such  knowledge  may  well  be  put  to  clinical 
use  in  stimulating  regenerative  growth  that  we  as  humans  no  longer 
have.  Such  growth  control  woidd  be  applied  not  only  to  the  re- 


J 


180 


Other  VA  Research  Pronrams 


growth  of  limbs,  but  more  immediately  (and  more  pertinently)  to 
such  striietures  as  skeletal  muscle,  cardiac  muscle,  |)eripberal  nerve 
and  spinal  cord,  joint  cartilage  and  total  joints  in  general. 

W’c  began  our  studies  in  1958  with  an  evaluation  of  a (actor 
previously  thought  to  be  unrelated  to  any  contrtd  function- the 
electrical  current  of  injury.  This  is  revealed  by  an  electrical  po- 
tential which  can  he  measured  at  any  site  of  injury  in  any  living 
organism.  We  found  that  the  current  of  injury  persists  throughout 
the  entire  time  of  healing,  and  that  it  follows  an  entirely  different 
sequence  of  changes  in  injuries  he;iling  by  regenerative  growth  than 
it  does  in  similar  injuries  in  otlter,  but  closely  related,  animals  not 
capable  of  regenerative  growth  (1).  The  pattern  is  so  striking  that 
it  was  concluded  that  the  local  electrical  factors  at  the  injury  site 
represented  only  a signal  resulting  from  the  operation  of  a control 
system  that  permeated  the  entire  organism. 

Intensive  study  was  devoted  to  this  issue,  and  it  was  determined 
that  these  electriciJ  potenti;ils  are  related  to  the  central  and  periph- 
eral nervous  system  where  they  represent  the  activity  of  ;mothcr 
mechanisrii  more  primitive  (than  the  well  known  action  potentiiJ) 
for  the  transmission  of  data.  The  present  conce|)t  is  that  this  an;il(jg- 
type  data  transmission  and  control  system  antedates  the  action  po- 
tential system,  and  that  it  is  responsible  for  a number  of  primitive 
functions  in  addition  to  growth  control.  Such  additional  functions 
defined  so  far  include;  (i)  pain  sensation,  (ii)  general  level  of  excita- 
bility of  the  action  potential  system,  and  (iii)  control  over  bio- 
logical cycles.  .Most  recently  we  have  acquired  data  indicating  that 
this  system  may  be  residing  in  the  perineur;d  cells  of  the  C\S,  the 
glia  cells  centrally,  and  the  Schwann  cells  peripherally.  While  nu- 
merous papers  have  been  published  in  this  area  of  neuroelectronics, 
two  recent  publications  summarize  and  present  the  data  within  the 
systems  concept  (2,3). 

From  a clinical  point  of  view,  we  were  primarily  interested  in 
llte  output  of  the  system  that  appeared  to  have  growth  stinndaiing 
and  growth  controlling  properties.  Since  growth  is  perforce  the  re- 
suit  of  cellular  activity,  and  since  regenerative  growth  requires  not 
only  mitosis,  but  iilso  a dedifferentiation  (a  return  t(j  a primitive 
cell  type)  we  directed  a study  at  the  residts  of  exposure  of  cells  to 
vari(jus  levels  of  direct  current.  Our  test  system  was  the  nucleated 
eiythrocyte,  and  wc  found  that  dedifferentiation  did  indeed  occur, 
but  only  in  a narrow  range  of  current  and  voltage  of  extremely  low 
values  (4,5).  We  were  then  able  to  proceed  to  determine,  in  detail, 
the  control  system  that  regulates  regenerative  growth  in  genenil 
and  fracture  healing  specifically  (6). 

Obviously,  the  primary  question  is:  With  this  knowledge,  is  it 
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pijssililc  to  stiimilatc  sonic  measure  o/  regenerative  growtii  in 
mam  111  ids? 

Ill  our  experiments  in  1972,  we  ani|)utatecl  tlie  foreleg  of  labora- 
tory rats  between  the  shoulder  and  elbow  and  implanted  small 
eleetrieiJ  units  designed  to  prodtiee  the  appropriate  level  of  cur- 
.ent.  U'e  oblained  gratilying  regrowths,  occasionally  as  far  as  re- 
generation ol  the  entire  distal  humerus  complete  with  an  elbow 
joint  ol  iiornnd  histologicid  appearance  (7,8).  In  similar  experi- 
ments wliich  are  unpublished,  we  were  able  to  stimulate  consid- 
erable regrowth  ol  the  proximal  limnerus,  an  important  point 
since  in  this  instance,  growth  is  proceeding  proxiinalward.  Such 
“upstream  growth”  does  not  normally  occur  even  in  animals  capa- 
ble of  regeneration. 

1 he  first  clinietd  application  ol  this  knowledge  has  been  in  the 
area  of  un-united  fractures.  Over  the  past  3 years  we  have  treated 
a variety  ol  cases  with  various  electricad  techniques.  U'e  iiave  found 
that  growth  can  be  stimulated  soleK'  by  appropriate  electricad  cur- 
rents and  voltages  (which  must  be  in  the  biolo,gic;dly  significant 
range).  A recent  publication  presents  ;dl  the  technical  details  (9). 

Several  points  must  be  emphasized  at  this  juncture,  first,  while 
all  electricid  parameters  are  designed  to  be  well  below  the  level 
of  harmful  effects,  they  are  further  designed  to  duplicate,  in  so  far 
as  is  presently  possible,  the  values  that  would  have  been  produced 
at  the  time  of  the  origimd  fracture  by  the  patient’s  own  electrical 
control  system.  Thus,  we  arc  employing  a simulation  of  a natural 
biologictd  process  and  not  some  modality  that  is  foreign  to  the 
body. 

Secondly,  such  simulation  can  only  approximate  a natural  bio- 
logical process  when  the  electrical  parameters  arc  injected  by  met;d- 
lic  electrodes.  The  electrochemical  events  that  occur  in  the  im- 
mediate vicinity  ol  a metallic  electrode  passing  current  are  poorly 
understood  for  simple  systems,  and  arc  completely  unknown  for 
biological  systems.  A complete  systematic  study  of  these  processes 
is  urgently  required  before  the  full  potential  of  this  growth  control 
process  can  be  clinically  realized.  VVe  arc  presently  beginning  such  a 
study.  From  an  orthopedic  point  of  view,  the  possible  clinic;d  ap- 
plications have  been  indicated  in  a number  of  publications  (10,  11, 
12).  Obviously  other  clinical  applications  can  be  entertained, 
ranging  from  effective  pain  control  to  stimulation  of  bone  growth 
into  suitable  metallic  devices  to  provide  anchorage  points  for  ex- 
ternal prosthcscs. 

.Most  recently  we  have  investigated  the  possible  application  of 
our  techniques  to  situations  requiring  growth  retardation  rather 
than  stimulation.  Since,  biologically,  all  active  growtli  processes  are 
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I'luiructcrized  by  cli-i  tiic;i]  nctiatixily,  wc  had  idways  c'in|)l(jyfd 
iiu’tiillic  clcctrodfs  (tiiiu  i ally  silver)  driven  negatively  (cathode)  in 
both  animal  and  human  studies.  The  obvious  question  then  was, 
would  |)ositive  ])otentials  ntard  growth?  U'e  found  that  nietallie 
electrodes,  when  usi'd  as  the  anotle,  tire  very  active  electrochemicai- 
ly  and  in  genertil,  exhibit  a titiileney  to  give  ofl,and  dri\e  into  the 
local  tissues,  nn  tallie  i titions  (a  silver  electrode  will  inject  silver 
ions,  a phitiiumi  elet  trode,  platinum  ions,  etc.). 

I'hus,  at  this  time,  we  htne  beeti  itntible  to  generate  a pure  anodal 
environment  without  the  accompan\ing  electrochemictil  changes. 
However,  this  tetidency  to  emit  positite  metallic  ions  from  the 
anode  luis  itself  proven  to  be  of  very  great  cTtnictil  interest.  For  ex- 
ample, siher  hits  been  long  recognized  ;is  a potent  antibacterial  with 
little,  if  any,  harm  to  the  mammalian  cell  system.  The  problem  iri 
its  clinical  use  has  been  that  silver  com|)ounds  either  dissociate  verv 
little  and  are  ineffective,  or  they  dissociate  readily  and  are  toxic. 
■Metallic  silver  foil  is  still  used  IVequently  by  Kuropean  surgeons  as 
a primary  wound  dressing;  however,  the  emission  of  silver  ions  from 
it  is  negligible.  We  found  that  silver  electrodes,  when  driven  posi- 
tive, will  readily  emit  silver  ions  which  will  migrate  along  the  lines 
of  voltage  gradient,  penetrating  tissues  for  approximately  1 cm. 
riiesc  are  unaccompanied  by  any  new  anion  and  are  non-toxic  to 
mammalian  cells. 

Their  anti-bacterial  spectrum  appears  to  be  complete  and  we 
have  found  no  type  of  baeteria  that  cannot  be  killed  with  this 
modiility . 

We  have  tested  this  concept  clinictilly  in  12  cases  of  osteomyelitis, 
with  excellent  restdts.  It  now  appears  that  for  local  infections,  we 
have  an  extremely  effective  treatment  modality  which  can  effective- 
ly suppress  all  varieties  of  bacteria  and  a number  of  fungi  in  tissues 
with  poor  blood  circulation  without  damaging  the  host  cells  or  tis- 
sues. A full  report  is  in  preparation. 

This  technique  may  be  used  to  drive  other  metallic  cations  into 
tissues,  although  little  is  known  about  the  resultant  effects.  We  have 
experimentally  applied  the  concept  to  one  other  system— the 
rheumatoid  arthritic  synovium.  Here  it  has  been  known  that  gold, 
systemically  administered,  is  effective  in  suppressing  the  synovial 
cell  overgrowtli.  The  problem  was  that  the  majority  of  patients 
exhibited  no  effect  because  the  gold  did  not  penetrate  the  affected 
joint  spaces.  In  animals  with  experimental  arthritis,  we  found  we 
could  effectively  suppress  the  synovial  cell  overgrowth  by  inserting 
a gold  wire  into  the  joint  cavity  and  driving  it  positive,  with  a cur- 
rent and  potential  below  electrolysis  levels,  with  one  treatment  or 
30  minutes  duration.  Obviously  the  gold  ions  arc  injected  direedy 
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into  llic  desired  site  and  there  is  no  total  body  burden  ol'gold  with 
its  known  toxic  effects.  It  would  appear  feasible  to  consider  further 
exploration  along  these  lines  in  rheumatoid  arthritis  and  other  con- 
rlitions,  as  long  as  the  target  cell  err  tissue  to  be  suppressed  was  suf- 
ficiently different  from  the  normal  cells  or  tissues. 

Present  Investigations 

file  laboratory  is  presently  involved  in  a systematic  study  of 
various  techniciues  for  the  injection  of  electrical  forces  into  tissues, 
particidaiiy  bone,  in  an  attempt  to  define  the  optimal  safest  metli- 
od  for  stimidation  of  bone  growth.  We  are  also  involved  in  a study 
of  the  biological  effects  of  electrical  fields  of  various  types,  to 
search  for  beneficial  or  harm  fid  effects.  We  also  hope  to  begin  a 
systematic  study  of  a variety  of  metidlic  electrode  systems  in  bio- 
logiciil  tissues  to  elucidate  the  electrochemical  changes  that  occur, 
and  to  search  hopefully  for  other  useful  biologictil  effects. 
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Introduction 

Haskins  Laboratories  has  for  some  years  been  developing  pro- 
cedures for  the  synthesis  of  speech  by  rule  for  use  in  a reading  ma- 
chine for  the  blind,  exploiting  a large  body  of  basic  research  on 
speech  cues  carried  out  at  the  Laboratories  since  1950  as  well  as 
similar  research  by  others.  At  present,  two  systems  for  synthcsis- 
by-rule  arc  available,  and  progress  was  made  with  both  during  the 
second  half  of  1976.  In  addition,  further  investigations  in  acoustic 
phonetics  have  been  undertaken  in  support  of  the  synthesis  work. 

Development  of  Rules  with  the  FOVE  Program 

FOVF  is  the  synthesis-by-rule  program  for  the  DDP-224  com- 
puter, which  calculates  parameter  values  to  drive  the  OVE  III  hard- 
ware synthesizer.  During  the  first  half  of  1976  this  program  was 
extensively  revised;  since  then,  improvements  have  been  made  to 
the  set  of  rules  for  American  English  used  in  conjunction  with  the 
program.  A better  set  of  stop  consonant  bursts  has  been  achieved 
by  the  use  of  a 5 ms  rather  than  a 10  ms  sampling  interval,  and  in- 
creased naturalness  of  vowels  by  increasing  the  bandwidth  of  the 
second  formant.  A round  of  subjective  tests,  using  the  same  word- 
lists  and  sentences  as  were  used  in  earlier  tests,  has  been  conducted, 
but  results  arc  not  yet  available. 
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Research  Synthesis  by  Rule 

A prototype  synthcsis-by-rulc  program,  caJlctl  S't'LSVX,  has  been 
written  in  FORTRAN  tor  the  1’1)P  1 1/45.  The  program  is  organized 
in  terms  of  phonetic  syllables,  vvitli  a view  to  providing  a more 
direct  representation  ol'  coarticulatory  effects  on  spectral  and  tem- 
por;il  aspects  of  speech  than  is  possible  with  a program  organized 
(as  is  F()\'E)  in  terms  of  plionetic  segments.  'The  input  to  the  pro- 
gram is  a transcription  in  syllable  features.  The  rules  are  stated  in  a 
FOR'TR.AN  subroutine  called  RULES  that  can  be  revised  inde- 
pendently of  the  main  program;  these  rules  relate  the  feature  tran- 
scription to  a specification,  as  a function  of  time,  of  each  of  the 
various  articulatory  inlluences  that  shape  the  syllable.  These  in- 
lluence  functions,  in  conjunction  with  target  viJues  specified  in  the 
rules,  are  used  to  determine  the  parameter  values  for  a software- 
synthesizer;  this  synthesizer  produces  a setjuence  of  digital  values 
which  is  converted  to  an  audio  signal.  Hy  editing  the  RULES  sid)- 
routine,  the  user  of  the  program  can  readih’  modily  mrt  only  the 
rules  ferr  synthesis  but  idso  earious  characteristics  of  the  synthesizer 
itself.  .\t  present  SYLSVN  can  synthesize  only  tanvels,  glides,  and 
diphthongs,  and  the  synthesizer  has  only  a vowel  liranch.  Tro- 
gramhig  continues  with  a view  to  enabling  both  S^■LS^'.\  and  the 
synthesis  routine  to  deal  with  all  classes  of  speech  sounds. 

Temporal  Variation  and  Speech  Synthesis 

In  order  to  increase  our  knowledge  of  the  temporal  patterns  of 
natural  speech,  so  as  to  be  able  to  produce  more  natural  synthetic 
speech,  a scries  of  production  experiments  has  been  undertaken  to 
study  the  timing  of  events  within  a syllabic.  In  a typical  experi- 
ment, a speaker  is  asked  to  repeat,  30  times  each,  two  sentences 
that  differ  with  respect  to  just  one  syllable  feature;  for  example, 
“She  was  seen  on  pay  street  by  her  mother”  vs.  “She  was  seen  on 
play  street  by  her  mother.”  Such  data  are  used  to  assess  the  effect 
on  the  tempor;d  pattern  of  the  syllable  of  particular  articulations 
(such  as  the  /!/  in  the  example)  initially  and  fin;dly,  alone  ami  in 
clusters. 

Results  of  experiments  so  far  suggest  that,  for  any  one  speaker, 
the  duration  of  the  acoustic  segment  corresponding  to  a given  syl- 
lable-initial articulation  varies  according  to  cluster  context,  while  the 
increment  to  the  syllabic  duration  that  c;m  be  attributed  to  the  ar- 
ticulation is  more  nearly  constant.  In  the  case  of  final  articulations, 
however,  this  is  clearly  not  the  case:  the  increment  to  the  syllable 
duration  attributable  to  the  final  cluster  of  pained,  for  example,  is 
much  greater  than  the  sum  of  the  increments  attributable  to  the 
final  consonants  of  paid  and  pain. 
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Segmental  Cues 

As  part  of  lire  effort  to  achieve  tretter  rules,  the  transitional  cues 
for  perception  of  voiced  stops,  determined  with  the  Pattern  Play- 
back in  tlie  early  50’s,  arc  being  re-examined,  using  OVK  111.  A 
number  of  variants  of  the  vowel  [a|,  representing  different  vocal- 
tract  sizes  and  different  degrees  of  backness  and  openness,  have 
been  synthesized.  For  each  of  these  variants,  the  range  of  transi- 
tions appropriate  for  [b|  , [d|,  and  [g|  have  been  informally  de- 
* termined.  It  is  planned  to  conduct  formal  identification  tests  for 

both  vowels  and  stops. 

‘ Research  and  Development  in  the  Field  of  Reading  .Machines  for 

the  Blind 

Mauch  Laboratories,  Inc. 

3035  Dryden  Road 

Dayton,  Ohio  45439 

Hans  A.  Mauch  and  Glendon  C.  Smith 

Fhe  report  on  activities  in  the  latter  half  of  1976  is  incorporated 
in  an  article,  “Research  and  Development  in  the  Field  of  Reading 
Machines  for  the  Blind,”  appearing  elsewhere  in  this  issue  of  the 
Bulletin. 


Clinical  Study  of  .Mobility  Aids  for  the  Blind 

Cientral  Rehabilitation  Section  for  Visually  Impaired  and  Blinded 
Veterans 

VA  Hospital,  Hines,  Illinois  60141 

John  D.  .Malamazian,  Leicester  W.  Farmer,  and  James  J.  Whitehead 

During  this  reporting  period,  two  veterans  were  admitted  for 
training  with  the  electronic  aids  (ETA’s).  One  veteran,  a dog  guide 
user,  was  trained  with  the  Sonieguide  and  the  other,  who  was  ad- 
mitted in  November,  is  being  trained  with  the  C5  Laser  Cane  and 
will  complete  his  training  during  the  next  reporting  period. 

In  July,  Mr.  Leicester  W.  Farmer  journeyed  to  Nashville,  Ten- 
nessee, to  give  a lecture  and  demonstration  on  F.TA’s  at  a workshop 
on  “Aging  and  Blindness”  at  the  Howard  Johnson  Motor  Lodge. 
The  workshop  was  sponsored  by  Services  for  the  Blind,  the  Ameri- 
can Foundation  for  the  Blind,  and  the  Tennessee  Commission  on 
Aging. 

Mr.  Farmer  was  invited  to  a Training  Seminar  for  Visual  Im- 
pairment Services  Teams  August  23-25,  1976,  to  be  available  as  a 


187 


Bulletin  of  Prosthetics  Research— Spring  1977 


r 


resource  person  on  KTA’s.  The  Seminar  was  held  at  the  Ramada 
Inn  Soiiili,  in  Si.  Louis,  .Missouri. 

■Mr.  Norman  I'ressey,  Iniernational  .Marketing  .Manager  fcjr 
U'ormald  International  Sensory  Aids  Limited  (WIS.N)  of  Christ- 
church, New  Zealand,  visited  Hines  in  Septcmher.  W'IS.N  manufac- 
tures the  Sonicguide,  which  is  distrihuteil  in  the  L'nited  States  hy 
lelesensory  Systems,  Inc.  -Mr.  Pressey  discussed  training  procedures, 
deployment  considerations,  development  of  training  manuals  and 
tapes,  and  communications  among  Orientation  and  .Mobility  (O/.M) 
Specialists,  technologists,  and  device  manufacturers,  with  .Mr. 
Parmer.  He  announced  that  the  .Mowat  Sonar  Sensor  (a  handheld 
sensory  aid)  which  was  developed  by  Mr.  Geoff  .Mowat  of.\uckIand, 
New  Zetdand,  will  be  manufactured  by  WISA  and  marketed  in  1977. 
Mr.  Pressey  showed  “.\n  Introduction  to  the  Sonicguide,”  a 10- 
minute  16mm  color  film  which  introduces  the  Sonicguide,  presents 
a brief  review  of  the  potential  of  the  device,  and  shows  adults  using 
Sonieguides  in  various  employment  and  travel  situations. 

In  September,  .Mr.  Walter  Thornton  from  the  L’nited  Kingdom 
visited  Hines  and  tliscussed  training  procedures,  device  deployment 
and  usage,  and  P TA  accessory  telemetry  equipment  in  Great  Britain. 

Mr.  Farmer  spoke  on  TT.A.’s  and  sensory  systems  to  a class  of 
seniors  at  West  Leyden  High  School  in  Northlake,  Illinois,  and  in 
December  gave  a speech  and  demonstrated  the  KTA’s  to  the  Lions 
Glub  of  F.vanston,  Illinois. 

Hines  ETA  Program  Reviewed 

.\  review  of  the  Hines  FTA  Program,  from  1971  when  the  first 
veterans  were  trained,  has  been  completed  during  this  reporting 
period.  T hree  of  the  ETA’s  which  showed  early  promise  have  been 
lield-iesied  anil  are  used  in  the  \’A  programs  (the  Lindsay  Russell 
Palhsounder,  the  Laser  Gane,  and  the  Sonie, guide).  summarv  of 
the  findings  relative  to  training  and  device  deployment,  use,  reten- 
tion, and  return  are  reported  as  follows: 

Lindsay  Russell  Ratlisounder 

Some  19  veterans  have  been  trained  to  use  the  Lindsay  Russell 
Palhsounder,  two  of  them  completed  the  regularly  prescribed  F,T'.\ 
Program  both  indoors  and  outdoors  in  the  various  travel  settings. 

Five  of  the  veterans  had  head  injuries.  Five  were  ambulatorv  .d- 
thougli  one  of  these  had  to  use  a wheelehair  some  of  the  lime. 
Twelve  veterans  were  either  confined  to  wheelchairs  (or  used 
crutches  or  a wheelchair)  due  to  lower-limb  amputations,  paralysis, 
or  hemiplegia.  .Ml  trainees  |)arlicipaled  in  the  F. TW  Program  while 
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undergoing  training  in  the  regular  rehabilitation  program. 

No  Pathsounders  were  issued  to  any  of  the  trainees. 

Bionic  Instruments,  Inc.,  Laser  Cane 

A total  of  14  veterans  have  been  admitted  to  the  Hines  Blind  Re- 
habilitation Center  for  training  with  the  Laser  Cane.  One  veteran 
could  not  participate  in  the  KTA  Program  because  his  cane  tech- 
nique and  basic  O/M  skills  were  too  poor.  One  veteran  received 
training  with  the  Laser  Cane  for  6 weeks  but  still  was  unable  t(j 
learn  to  use  the  aid  adequately. 

Of  12  veterans  who  received  training  with  the  Laser  Cane,  9 cur- 
rently have  Laser  Canes;  8 of  these  continue  to  use  the  cane  as 
their  primary  travel  tool  while  1 very  seldom  uses  his  cane.  Of  the 
three  veterans  who  returned  the  canes,  one  did  so  because  he  lost 
the  hearing  in  one  of  his  cars  and  now  uses  a dog  guide.  Another 
veteran  returned  his  Laser  Cane  and  received  training  with  the 
Sonieguide,  and  the  third  veteran  died  a few  months  after  return- 
ing home  with  his  cane:  his  wife  returned  it  to  the  Hines  Blind 
Section. 

Since  November  1974,  seven  veterans  have  been  trained  to  use 
the  Laser  Cane. 

1V7S.4  Sonieguide  MK  II 

Some  29  veterans  have  been  admitted  to  the  Hines  Blind  Re- 
habilitation Center  for  training  with  the  BSA/Sonieguide.  One 
veteran  could  not  participate  in  the  ETA  Program  because  of  poor 
cane  technique  and  travel  skills,  one  veteran  completed  4 weeks 
of  the  training  program  before  terminating  his  participation  in 
the  course,  and  a third  veteran  had  only  9 days  of  exposure  to  the 
eta’s  before  deciding  that  his  dog  guide  was  all  he  needed  to 
achieve  satisfactory,  productive  travel. 

Twenty-six  veterans  have  been  trained  and  issued  BSA/Sonic- 
guides:  of  the  26,  9 have  returned  their  aids  while  17  have  re- 
tained the  devices.  Some  six  of  the  veterans  who  have  Sonieguides 
arc  regular  users  (use  the  aids  daily),  six  more  arc  moderate  users 
(at  least  three  times  per  week),  four  are  occasional  users  (1-2  times 
per  week)  and  one  very  seldom  uses  his  aid. 

Since  November  1974,  10  veterans  have  been  admitted  for  train- 
ing with  the  Sonieguide  and  of  this  number,  5 trainees  used  dog 
guides.  It  is  interesting  to  note  that  of  the  six  regular  Sonieguide 
users,  four  arc  dog  guide  users. 

Of  the  first  16  veterans  trained  with  the  BSA/Sonieguide  (start- 
ing in  1971),  8 have  returned  their  devices.  Five  veterans  returned 
the  aids  in  less  than  a year  after  completing  the  ETA  course  and 
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four  users  kept  the  devices  from  3 to  4'/2  years  after  returning  home 
with  the  travel  aids. 

Table  4 shows  the  training,  deployment,  returned  aids,  retained 
devices,  and  use  of  the  three  ETA’s. 


Table  4 .—Hines  ETA  Program  Reviewed 


Pathsounder 

Laser  Cane 

BSA/Sonieguide 

Veterans  trained 

19a 

12 

26 

Devices  issued 

0 

12 

26 

Devices  returned 

0 

3 

9 

Devices  retained 

0 

9 

17 

Regular  users 

0 

8 

6 

Moderate  users 

0 

0 

6 

Occasional  users 

0 

0 

4 

Seldom  use  device 

0 

1 

1 

Percentage  returned 

0 

25% 

35% 

Percentage  retained 

0 

75% 

65% 

^Two  veterans  who  were  undergoing  O/M  training  in  the  regular  program  and  without 
additional  handicaps  were  trained  to  use  the  Pathsounder  in  all  areas  of  the  live  en- 
vironment outdoors  as  well  as  indoors. 


Clinical  Trials  of  Reading  Machines  for  the  Blind 

Central  Rehabilitation  Section  for  Visually  Impaired  and  Blinded 

Veterans 

VA  Hospital,  Hines,  Illinois  60I4I 
John  D.  Malamazian  and  Harvey  Lauer 

This  project  is  concerned  with  the  clinical  application  of  reading 
machines  and  other  communication  aids  for  the  blind.  The  major 
activities  and  programs  of  this  reporting  period  are  described. 

1.  Mr.  Harvey  Lauer  (research  staff)  completed  writing  the 
proposal  to  evaluate  the  Kurzweil  Reading  Machine.  This  instru- 
ment has  opticed  character  recognition  logic,  automatic  scanning 
and  synthetic  speech  output.  The  research  proposal  will  be  modi- 
fied for  other  OCR  machines  for  the  blind  as  they  emerge  from 
laboratories.  The  VA’s  OCR  machine  is  called  the  Cognodictor. 
Both  it  and  the  Kurzweil  Machine  are  scheduled  to  appear  in  pro- 
totype form  in  several  months. 

2.  Most  of  the  assessment  and  instruction  of  veteran  candidates 
for  the  currently-available  reading  machines  was  done  by  Mr.  Leonard 
Mowinski  of  the  Blind  Center  Staff.  Mr.  Lauer  and  Mr.  Mowinski 
described  and  demonstrated  communication  aids  at  a workshop  for 
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Optacon  teachers  given  at  Northern  Illinois  University,  DeKalb, 
Illinois.  These  same  activities  are  routinely  done  for  personnel  on 
detail  at  the  Blind  Center. 

3.  Some  of  the  products  of  the  Stereotoner  Project  conducted 
for  the  VA  by  the  American  Institutes  for  Research  (AIR)  were  dis- 
seminated. There  are  pretraining  tapes,  a test  for  assessing  candi- 
dates, manuals,  and  a report  of  the  project.  Mr.  Lauer  has  updated 
for  publication  his  article  about  reading  aids  for  the  blind. 

4.  .Mr.  l.aucr  and  .Mr.  Leicester  W.  Farmer  (research  staff)  wrote 
and  updated  the  research  proposal  for  the  ongoing  evaluation  of 
reading  and  mobility  aids  at  Hines.  It  was  submitted  for  review 
under  the  auspices  of  Research  Center  for  Prosthetics. 

5.  Dr.  William  l)e  I’.Aunc,  researcher  at  the  VA  Eastern  Blind 
Rehabilitation  Center,  spent  3 days  at  Hines.  He  conferred  with 
Mr.  Lauer  and  other  staff  members  regarding  statistical  analysis  in 
the  Kurzweil  Project.  All  of  our  research  interests  were  discussed 
in  this  valuable  program  of  cooperation  between  our  respective 
Centers. 

6.  Mr.  Lauer  made  two  of  three  needed  instructional  tapes  (jn 
the  use  of  current  speech  compressors  and  provided  copies  to  the 
other  Centers  and  the  manufacturers. 

7.  Studies  were  made  of  the  availability,  applications,  and  op- 
erating characteristics  of  instruments  in  the  three  following  areas: 
a.  Audible-output  light  probes  (light  sensors),  b.  Speech  amplifiers 
and  transducers  for  laryngectomy  patients,  and  c.  Calcvdators  with 
visual  displays  (usable  by  low  vision  patients). 

Clinical  Application  Study  of  Reading  and  Mobility  Aids  for  the 

Blind 

Western  Blind  Rehabilitation  Center 
VA  Hospital 

3801  Miranda  Avenue,  Palo  Alto,  California  94304 

J.  Kenneth  Wiley,  Gregory  L.  Goodrich,  Ph.  D.,  Nancy  C.  Darling, 

and  Richard  R.  Bennett 

The  report  on  activities  in  the  latter  half  of  1976  is  incorporated 
in  an  article,  “A  Preliminary  Followup  Study  of  Electronic  Travel 
Aid  Users,”  appearing  elsewhere  in  this  issue  of  the  Bulletin. 

The  Development  of  Improved  Techniques  for  the  Analysis  of 
i Hearing-Aid  Performance 

Veterans  Administration  Hospital 
j Washington,  D.C.  20422 
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BioCommunicatiuns  Laboratory 
University  of  Maryland 
College  Park,  Maryland  20742 

G.  Donald  Causey,  Ph.  D.,  Jerry  Punch,  Ph.  D.,  Howard  C.  Schweit- 
zer, Ph.  D.,  Earleen  Elkins,  Ph.  D.,  and  Lucille  Beck,  M.A. 

Developmental  Measurement  Techniques 

A major  effort  in  our  laboratory  has  been  to  develop  techniques 
whereby  nonlinear  (intermodulation  and  harmonic)  distortion  and 
transient  distortion  in  hearing  aids  can  be  more  adequately  quanti- 
fied. Currently,  no  standard  methods  exist  for  measurement  of 
these  electroacoustic  features.  The  ultimate  purpose  of  this  devel- 
opmental work  is  to  determine  the  effects  of  these  types  of  dis- 
tortion on  speech  intelligibility  and  speech  quality. 

In  the  area  of  nonlinear  distortion,  pure  tone  test  signals  have 
been  de-emphasized;  these  are  being  replaced  by  more  complex,  and 
thus  more  realistic,  signals.  Tests  using  selectively  shaped  random 
noise  and  synthetic  vowels  have  been  studied.  These  efforts  have 
benefitted  substantially  from  a loan  of  synthetic  formant  generators 
by  Gallaudct  College  for  the  Deaf.  Future  utilization  of  the  syn- 
thesizer is  expected  to  result  in  the  development  of  methods  for 
evaluating  the  effect  of  compression  ratio  on  the  perception  of 
second-formant  transitions. 

Findings  from  work  completed  thus  far  reveal  the  following: 

1.  The  rank  order  of  hearing  aids  on  the  basis  of  distortion  is 
significantly  dependent  on  the  specific  frequencies  chosen 
as  a test  signal; 

2.  The  amount  of  masking  of  a tone  introduced  in  a gap  sur- 
rounded by  random  noise  is  directly  related  to  the  amount 
of  nonlinear  distortion  of  the  system  under  test;  and 

3.  The  spectral  shape  of  synthetic  vowels  undergoes  significant 
“warping”  when  transduced  by  some  hearing  aids.  This  is 
due  not  only  to  frequency  response  characteristics  but  par- 
ticularly to  nonlinear  distortion. 

In  our  study  of  transient  distortion,  initial  efforts  have  been 
directed  at  producing  an  acoustically  pure  signal,  free  of  the  tran- 
sient distortion  frequently  exhibited  by  the  loudspeaker  source 
when  pulsed  sinusoids  are  generated  acoustically.  The  development 
of  a pliased-array  technique,  wherein  the  relative  phase  of  signals 
fed  to  two  loudspeakers  is  digitally  manipulated,  appears  to  satis- 
fy the  basic  reejuirements  for  generation  of  tone-burst  signals  for 
use  in  transient-distortion  measurements.  Such  a technique  has 
been  developed  in  parallel  with  our  work  in  attack-release  time 
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measurements  in  compression  aids;  therefore,  the  availability  of  the 
technique  also  represents  an  advance  in  reaching  the  goal  of  greater 
accuracy  in  attack-release  time  measurements. 

To  aid  in  our  study  of  nonlinear  and  transient  distortion,  and 
their  effects  on  quality  and  intelligibility  of  speech,  development 
of  digital  microprocessor  circuits  has  been  begun  by  Daniel  Graupe, 
Ph.  D.,  of  Colorado  State  University.  Use  of  this  circuitry  will  al- 
low us  to  vary  these  parameters  systematically  without  concern 
for  the  contaminating  influences  of  numerous  other  electroacoustic 
characteristics. 

Hearing  Aid  Processing 

Since  much  of  our  work  involves  the  use  of  hearing-aid-processed 
speech,  a portion  of  our  efforts  has  been  aimed  toward  evaluating 
any  existing  differences  between  the  frequency  response  of  a hear- 
ing aid  at  the  eardrum  in  actual-use  conditions,  and  that  when 
speech  is  processed  via  either  a 2cc  coupler  or  Zwislocki  coupler 
and  delivered  to  the  listener  through  an  earphone.  The  completed 
results  indicate  that  the  two  circumstances  yield  different  responses, 
primarily  in  the  lower  frequencies,  but  to  some  degree  in  the  higher 
frequencies  as  well.  We  are,  therefore,  employing  appropriate  cor- 
rection factors  in  most  of  our  work  that  involves  hearing  aid  proces- 
sing. These  corrections  are  particularly  warranted  in  studies  where 
clinical  indices  of  performance  are  related  to  real-life  performance 
with  the  actual  instruments. 

Study  of  Aided-Speech  Quality  Judgments 

Work  was  continued  on  the  determination  of  the  reliability  of 
hearing  aid  quality  judgments.  Preliminary  findings  reveal  that  nor- 
mal listeners  rank  hearing  aids  similarly,  regardless  of  whether  the 
stimulus  material  consists  of  a male  voice,  female  voice,  or  music. 
Furthermore,  the  quality  preferences  appear  to  be  clinically  re- 
liable. Data  on  sensorineural  listeners  are  presently  being  collected 
for  the  purpose  of  assessing  whctlier  hearing-impaired  listeners  rank 
hearing  aids  in  a similar  fashion,  as  do  normal-hearing  individuals. 

Workshop  Activity 

An  initial  effort  has  been  taken  toward  achieving  our  long-term 
goal  of  enhancing  the  ability  of  VA  audiologists  to  provide  re- 
habilitation for  the  hearing-impaired.  On  December  1-2,  1976,  our 
laboratory  staff  conducted  a workshop  in  Little  Rock,  Arkansas, 
cooperatively  sponsored  by  the  VA  Ilospital  (Little  Rock),  the 
University  of  Arkansas  at  Little  Rock,  and  the  University  of 
Arkansas  for  Medical  Sciences.  The  topic  was,  “Elements  of  Ilear- 
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ing  Aid  Performance  and  Aural  Rehabilitation.”  Participants  were 
40  audiologists,  most  of  whom  were  from  the  VA  setting,  and 
active  in  direct  patient  care  involving  hearing  aid  evaluations  and/or 
rehabilitation.  Long-range  benefits  of  the  workshop  to  the  partici- 
pants are  to  be  quantified  at  a future  date,  but  initial  reactions  of 
those  in  attendance  encouraged  the  belief  that  a workshop  format 
provides  the  opportunity  for  transmission  of  concepts  that  can  be 
productively  employed  in  enhancing  clinical  skills.  It  is  our  inten- 
tion, therefore,  to  continue  our  involvement  in  this  type  of  activity 
in  the  future. 

Insertion  Gain  Measurements  on  KEMAR 

A comparison  was  made  between  the  acoustic  gain  of  hearing 
aids  obtained  on  KEMAR  utilizing  both  the  insertion  gain  and 
substitution  measurement  methods. 

With  the  insertion  gain  method,  the  microphone  attached  to  the 
Zwislocki  coupler  in  KEMAR’S  ear  (the  eardrum  microphone)  was 
made  the  regulating  (control)  microphone,  by  activating  the  com- 
pression circuit.  The  output  of  the  oscillator,  controlled  by  the 
compression  circuit  to  produce  60  dB  SPL  throughout  the  frequen- 
cy range  from  150  to  10,000  Hz,  was  recorded  on  magnetic  tape  by 
the  Scully  model  280  tape  recorder. 

The  coupler  microphone  was  then  converted  to  the  measuring 
microphone,  and  the  tape-recorded  signal  was  played  back  through 
the  loudspeaker  to  KEMAR  and  picked  up  by  the  Zwislocki  coupler 
(eardrum)  microphone.  A flat  frequency-tracing  on  the  graphic  level 
recorder  indicated  that  the  sound  pressure  at  the  eardrum  micro- 
phone (designated  the  test  point)  was  the  same  as  when  the  com- 
pression circuit  was  used.  In  this  manner,  the  effects  of  loudspeaker 
response,  KEMAR  effects  (head  diffraction  and  ear  canal),  and  field 
effects  were  compensated  for.  The  tape-recorded  signal,  the  voltage 
required  to  produce  constant  SPL  across  frequencies  at  the  ear- 
drum microphone,  was  then  used  as  the  test  signal  for  measurement 
of  hearing  aids. 

(For  practical  reasons,  we  found  it  necessary  to  record  a 1000  Hz 
tone  prior  to  the  sweep  frequency  response.  This  tone  was  used  to 
adjust  the  level  of  the  hearing  aid  response  to  the  recording  paper.) 

To  measure  hearing  aid  gain  using  the  substitution  method,  a 
1/2-in.  condenser  microphone  was  connected  to  a compression  cir- 
cuit. With  KEMAR  out  of  the  chamber,  the  microphone  was  placed 
at  the  test  point,  a position  which  was  the  same  height  as  KEMAR’s 
ear  canal  at  a distance  of  1 m from  the  loudspeaker.  The  oscillator 
output,  controlled  by  the  compression  circuit  to  produce  60  dB 
SPL  throughout  the  frequency  range  from  150  to  10,000  Hz,  was 

f 
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ij  recorded  on  magnetic  tape  by  the  Scully  model  280  tape  recorder. 

Si  The  tape-recorded  signal  was  played  back  through  the  loudspeaker 

j to  the  1/2-in.  condenser  microphone  and  the  resulting  response,  as 

;|  indicated  by  a flat  frequency  tracing  on  the  graphic  level  recorder, 

represented  a constant  input  sound  pressure  level  as  a function  of 
frequency  at  the  test  point.  The  use  of  this  technique  compensated 
for  the  presence  of  any  loudspeaker  and  room  rellection  effects. 
KEM.\R  (with  previously  described  coupler  assembly)  was  then 
placed  in  the  anechoic  chamber  at  the  test  point.  This  tape-recorded 
signal  was  used  as  the  test  stimtdus  for  measurement  of  hearing  aids 
using  the  substitution  metliod. 

It  is  apparent  that  the  differences  between  the  two  methods  are 
observed  primarily  in  the  frequency  range  above  1500  11/  with  the 
substitution  method  response  generally  showing  more  gain.  How- 
ever, the  amount  of  difference  between  results  with  the  two  meth- 
ods is  not  constant  across  hearing  aids.  The  differences  among  hear- 
ing aids  might  be  explained  by  the  differential  effects  on  the  re- 
sponse of  hearing  aid  case  diffraction,  heariitg  aid  microplione 
location,  and  coupling  of  the  hearing  aid  to  KK.\1.\R. 

The  differences  in  the  effect  of  the  two  methods  on  measure- 
ments of  hearing  aid  frequency  response  are  clearly  explained  by 
the  procedures  inherent  in  preparation  of  the  test  signal. 

The  question  then  becomes,  which  method  should  be  used  for 
measurement  of  aids  on  KE.MAR?  It  is  our  feeling  that  both  meth- 
ods are  valuable. 

The  orthotelephonic  response,  recently  named  the  “insertion 
gain  response”  of  the  hearing  aid,  represents  the  differential  pres- 
sure at  the  eardrum  with  a hearing  aid  in  place  less  the  pressure 
without  a hearing  aid.  The  pressure  without  a hearing  aid  is  that  of 
the  normal  ear  (as  represented  by  KKM,\R’s  respemsc)  and  it  is  re- 
moved from  the  hearing  aid  frequency  response.  The  result  is  the 
signal  as  seen  by  the  hearing  aid  and  measured  at  the  eardrum 
microphone.  The  task  remains  to  devise  an  audiological  procedure 
that  relates  hearing  sensitivity  to  the  orthotelephonic  response  of  a 
hearing  aid.  The  work  of  Cole  (1975)  represents  an  attempt  to  re- 
late the  difference  between  aided  and  unaided  pure  tone  thresholds 
to  the  orthotelephonic  response  of  the  hearing  aid. 

The  response  obtained  using  the  substitution  method  is  the  dif- 
ference between  pressure  at  a test  point  and  pressure  at  the  eardrum 
j with  a hearing  aid  in  place.  The  resulting  response  represents  hear- 

.j  ing  aid  performance  on  a median  person,  KEM.AR.  At  this  moment, 

f this  technique  seems  to  have  a great  deal  of  face  validity,  but  does 

I not  relate  to  present  routine  clinical  measures. 

! The  ultimate  procedure,  of  course,  should  be  the  one  which  re- 


195 


Bulletin  of  Prosthetics  Research— Spring  1977 


lates  to  the  hearing-impaired  person’s  performance  with  a hearing 
aid.  It  is  our  belief  that  behavioral  measures  will  be  necessary  to 
validate  the  question  as  to  which  method  is  superior.  We  have  this 
task  before  us. 


Clinical  Application  Study  of  Reading  and  Mobility  Aids  for  the  ' 

Blind  ; 

Eastern  Blind  Rehabilitation  Center 
VA  Hospital 
West  Spring  Street 
West  Haven,  Connecticut  06516 

Donald  E.  Garner,  William  R.  De  I’Aune,  Ph.  I).,  and  Patricia  I). 

Gadbaw  I 

During  this  reporting  period  most  of  the  energies  of  the  blind 
center  research  staff  were  directed  into  the  physical  movement  ol 
staff  and  equipment  to  new  quarters.  This  rehn  ation,  dictated  by 
the  expansion  of  the  blind  center  itself,  is  now  completed  and 
research  activities  are  rapidly  regaining  lost  momentum.  I'he  new 
research  space  is  more  satisfactory  than  that  previously  used,  as  it 
allows  all  research  operations  to  take  place  in  one  area. 

A paper,  “Parameters  of  Success  in  the  L'se  ol  Fresnel  Prisms," 
by  P.  Gadbaw,  W.  F'inn,  M.  Dolan,  and  W.  I)e  I'.Sune,  was  pub- 
lished in  the  December  1976  issue  of  Optical  Journal  and  Review 
of  Optometry.  It  summarized  the  center’s  research  to  date  (»n  the 
use  of  prisms  as  a mobility  tool  for  individuals  with  restricted 
visual  fields.  The  importance  of  visual  aiuity,  motivation,  and 
psychological  “health”  in  predicting  success  was  emphasized. 

Ms.  Gadbaw  took  part  in  a panel  discussion  of  the  subject 
“Teaching  Low  V’ision  Aids  in  a Clinical  versus  a Home  F.nviron- 
ment”  at  the  New  England  .\merican  .\ssot  iation  of  Workers  for 
the  Blind  Chapter  Meeting  in  Portland,  .Maine,  in  October  1976.  Her 
presentation  made  use  of  the  preliminarv  results  of  the  ongoing 
survey  of  blinded  veterans  issued  low  vision  aids  from  the  Eastern 
Blind  Rehabilitation  Center. 

The  computerized  accumulation  of  demographic,  psychological, 
and  medical  data  on  veterans  involved  with  the  blind  center’s  pro- 
grams has  been  expanded  to  iiu  hide  intormalion  on  all  clients  seen 
at  the  center  prior  to  December  31,  1976.  We  now  have  demo- 
graphic information  on  559  blintled  veti-rans,  Minnesota  .Multi- 
phasic  Personality  Inventoiy  stores  for  244,  Caliiornia  Psycho- 
logical Inventory  scores  for  228,  and  Wethsler  .-Ndult  Intelligence 
Scale  IQ  scores  for  331.  These  data,  in  conjunction  with  consumer 
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oriented  questionnaires,  are  used  for  determining  the  adequacy  of 
training  for  different  subgroups  of  the  blinded  veteran  population. 
The  data  base  also  provides  ready  access  to  many  user  variables 
when  a relationship  between  a sensory  aid’s  function  and  the  char- 
acteristics of  a successful  user  population  are  to  be  assessed.  Pre- 
liminary’ discussion  concerning  expansion  of  this  system  to  include 
all  of  the  blind  rehabilitation  centers  has  taken  place  between  Dr. 
De  I’Aune  and  representatives  of  the  other  BRC’s. 

An  audiometer  was  obtained  through  the  CRIP  program  and  wjH 
be  used  in  conjunction  with  the  sound-attenuating  test  booth  pre- 
viously acquired  through  the  same  program.  It  is  hoped  that  on-site 
testing  of  auditory  characteristics  of  blinded  veterans  will  provide 
the  researchers  with  a better  understanding  of  the  processes  in- 
volved with  mobility  tasks  undertaken  with  and  without  sensory 
aids.  The  system  will  also  be  used  for  implementation  of  the  experi- 
mental auditory  training  regimes  previously  developed  by  the  re- 
search staff.  It  is  also  hoped  thjit  additional  information  about  the 
effects  of  hearing  aid  use  on  the  mobility  performance  of  blinded 
veterans  will  be  gained. 

Preliminary  Evaluations 

Evaluation  of  Lucheck  Lighted  Cane.— A preliminary  evaluation 
of  the  Lucheck  Lighted  Cane  prototype  was  conducted  by  the 
center’s  mobility  staff  in  conjunction  with  the  research  department. 
A cane  was  forwarded  to  the  CBRC’s  research  department  for 
comment. 

Although  the  cane  was  seen  to  have  some  potential  merit  in 
terms  of  safety  in  night  travel,  very  little  enthusiasm  for  the  con- 
cept was  expressed  by  either  the  blind  clients  or  the  sighted  O&M 
instructors.  It  was  felt  that  the  device  should  be  made  available  to 
those  who  wish  such  an  aid,  and  it  will  be  shown  to  all  clients  as 
they  progress  through  their  training  in  mobility.  If  such  identify- 
ing illumination  is  desired,  it  was  suggested  that  an  inexpensive  arm- 
mounted  light,  like  those  worn  by  bicyclists,  might  provide  this 
1 without  the  inevitable  compromises  in  cane  comfort  and  perform- 

' ance  caused  by  the  lighting  of  the  cane  itself. 

, Evaluation  of  Snipas  Glucose  Analyzer.— A preliminary  evalua- 

I tion  of  the  Snipas  Glucose  Analyzer  for  blind  diabetics  was  under- 

! taken.  It  was  determined  that  a majority  of  the  blind  diabetics  in- 

structed in  the  use  of  the  device  at  this  center  could  successfully  use 
it  for  self-determination  of  the  glucose  content  of  their  urine. 

Comments  from  the  nursing  staff  and  from  the  users  were  for- 
jj  warded  to  Triformation  Systems  in  order  to  provide  the  manu- 
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facturers  with  more  subjective  data  on  the  performance  of  their 
instrument.  Experience  gained  from  this  evaluation  was  shared  with 
Dr.  Lawrence  Scadden  who  is  constructing  an  evaluation  form  to  be 
used  in  a national  study  of  the  device.  The  center  is  currendy  par- 
ticipating in  this  project. 

Speech-plus  Talking  Ca/cw/afor.— Because  of  the  favorable  response 
of  the  blinded  veterans  to  the  Speech+  Talking  Calculator,  and  its 
subsequent  stocking  in  Denver,  it  was  felt  that  a more  thorough 
screening  and  training  program  in  the  use  of  the  device  should  be 
created.  The  research  department  designed  a tape  consisting  of 
problems,  some  with  feedback  as  to  the  correct  answers  and  others 
without.  The  tape  provides  the  veteran  with  extended  practice  in 
solving  problems  involving  all  of  the  basic  functions  of  the  calcula- 
tor, in  a format  of  progressive  difficulty.  It  culminates  with  a series 
of  “word  problems”  requiring  the  user  not  only  to  know  the  op- 
eration of  the  calculator  but  also  to  understand  the  logic  involved 
in  mathematical  operations. 

It  was  noted  that  some  of  the  low  vision  patients  with  needs  for 
electronic  calculators,  particularly  of  the  scientific  type,  could  read 
the  large  visual  display  of  the  Monroe  Model  1920.  After  a brief 
evaluation  it  was  determined  that  when  possible  such  a calculator 
could  provide  the  veteran  with  a sophisticated  alternative  to  the 
talking  units.  Several  of  these  devices  have  subsequently  been  is- 
sued to  veterans. 

A listing  of  the  number  of  clients  screened,  trained,  £ind  issued 
major  prosthetic  aids  in  this  reporting  period  may  be  seen  in  Table 

5. 


Table  b.— clients  Screened,  Trained,  and  Issued  Major  Prosthetic  Aids  in  this 
Reporting  Period 


Device 

Number  of 

veterans 

screened 

Number  of 

veterans 

trained 

Number  of 
devices 
issued 

Sonicguide 

a 

3 

2 

Laser  Cane 

a 

1 

1 

Path  sounder 

a 

0 

0 

Stereotoner 

0 

0 

0 

Optacon 

3 

2 

1 

Speech  compressor 

a 

26 

20 

Electronic  calculator 

a 

3 

3 

Closed  circuit  television 

39 

13 

10 

^All  blinded  veterans  in  the  EBRC's  programs  are  shown  these  devices  and  screened  at 
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Cumprcssiun  Amplification  and  Speech  Intelligibility  in  Noise 
Audiology  and  Speech  Pathology  Service 
Veterans  Administration  Hospital 
Pittsburgh,  Pennsylvania  15240 
Jing  J.  Sung,  Ph.  D. 

This  study  is  designed  to  investigate  the  compression  characteris- 
tics of  hearing  aids  (i.e.,  distortion  characteristics,  limiting  thres- 
hold, transfer  function,  and  transient  response)  and  their  influence, 
if  any,  on  the  understanding  of  speech  in  the  presence  of  back- 
ground noise  by  hearing-impaired  individuals.  The  specific  objec- 
tives of  the  project  are  to  compare  the  three  types  of  compression 
hearing  aids  (linear  compression,  dynamic  range  compression,  and 
curvilinear  compression)  to  a conventional  non-compression  aid  in 
measures  of  loudness  comfort,  harmonic  and  intermodulation  dis- 
tortions, and  speech  intelligibility  for  soft  and  loud  speech  pre- 
sented in  quiet  and  in  noise.  Furthermore,  the  critical  variables 
within  a compression  amplification  system  (i.e.,  attack  time,  re- 
lease time,  and  limiting  threshold)  will  be  studied  systematically. 
A test  aid  with  adjustable  controls  is  now  being  designed.  Details 
will  be  presented  in  future  reports. 

Development  of  a Hearing-Aid  System  with  Independently  Adjust- 
able Subranges  of  Its  Spectrum  Using  Microprocessor  Hardware 

Department  of  Electrical  Engineering 
Colorado  State  University 
Fort  Collins,  Colorado  80523 
Daniel  Graupe,  Ph.  D. 

BioCommunications  Laboratory 
University  of  Maryland 
College  Park,  Maryland  20740 
G.  Donald  Causey,  Ph.  D. 

During,  the  3-month  period  from  July  1,  1976  to  September  30, 
1976;  (namely,  until  termination  of  the  p resent  contract  and  the 
project’s  incorporation  in  another  VA  program)  work  on  the  pres- 
ent project  was  mainly  concerned  with  analog-to-digital  and  digital- 
to-analog  interfacing,  and  with  problems  of  stability  of  the 
algorithm. 

On  the  hardware  side,  the  analog-to-digital  conversion  interface 
has  been  modified  to  fit  the  required  spectrum  and  a digital-to- 
analog  coiweitcT  has  been  purchased  and  interfaced  with  the  Intel  8 
Model  80  microcomputer  system  that  is  usv-I  for  this  project. 
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The  algorithm  developed  during  the  present  work  is  based  on 
the  concept  of  deriving  an  array  of  sharp-cut-off  digital  bandpass 
filters  and  combining  them  in  a staircase  manner,  with  different 
gains  for  different  frequency  bands.  This  in  turn  is  based  on  the 
related  theoretical  (and  usually  unrealizable)  synchronous-type 
impulse  responses.  These  responses  are  inherendy  stable  in  the 
limit  (i.e.,  for  very  long  data  sequences)  but  one  still  has  stability 
problems  when  dealing  with  finite  data.  Therefore,  an  on-line  test 
routine  has  been  developed  for  checking  stability  in  cases  of  insuf- 
ficient parameter  convergence. 

Further  work  on  the  present  project,  which  is  to  concentrate  on 
on-line  tests  of  real  data,  and  related  clinical  tests,  will  be  per- 
formed within  the  framework  of  the  new  VA  project  into  which  the 
present  contract  has  been  incorporated. 


i 
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ISPO'S  NEW  "PROSTHETICS  AND  ORTHOTICS  INTERNATIONAL" 
BEGINS  PUBLICATION  WITH  APRIL  1977  ISSUE 

The  International  Society  for  Prosthetics  and  Orthotics  (ISPO)‘ 
is  publishing  a new  journal,  Prosthetics  and  Orthotics  International, 
three  times  a year.  Volume  1,  No.  1,  appearing  in  April  1977,  con- 
tains within  its  70  numbered  pages  “a  small  number”  of  the  more 
than  200  papers  contributed  at  ISPO’s  First  World  Assembly  held 
in  Montreux,  Switzerland,  and  subsequendy  revised  by  the  authors. 
The  journal’s  subject  matter  concerns  prosthetics,  orthotics,  re- 
habilitation engineering,  and  associated  aspects  of  orthopedic 
surgery  and  other  rehabilitation  disciplines. 

Knud  Jansen,  M.D.,  in  a presidential  Foreword  to  Volume  1, 
No.  1,  writes  that  the  new  journal  may  be  seen  as  a “resuscitation” 
of  Prosthetics  International  (originally  called  the  International 
Journal  on  Prostheses,  Braces  and  Technical  Aids),  which  ISPO 
published  in  four  languages  in  the  fifties  and  sixties  when  publica- 
tion was  supported  by  various  grants.  When  the  grants,  and  pub- 
lication, ceased,  communication  was  maintained  by  the  ISPO  Bul- 
letin; Dr.  Jansen  noted  that  “the  society  is  most  indebted  to  Mr. 
A.  Bennett  Wilson,  Jr.,  who  with  skill  and  dedication  has  pro- 
duced the  ISPO  Bulletin  through  more  than  5 years,  “since  its 
inception  in  1972.”  Mr.  Wilson  remains  chairman  of  ISPO’s  Pub- 
lication Committee. 

The  new  Prosthetics  and  Orthotics  International  is  co-edited  by 
John  Hughes  and  Norman  Jacobs.  Mr.  Hughes  is  Director  of 
National  Centre  for  Prosthetics,  University  of  Strathclyde,  Glasgow, 
Scotland,  and  is  also  a member  of  the  Editorial  Board. 

Members  of  ISPO  receive  the  journal  free.  Subscription  rate  for 
associate  members  is  $7  (U.S.A.)  per  annum;  for  others  the  sub- 
scription rate  is  $14  (U.S.A.);  single  members  $5  (U.S.A. ). 

'THE  JOINTS  OF  THE  ANKLE"  BY  VERNE  T.  INMAN 
CULMINATES  TWO  DECADES  OF  STUDIES 

A series  of  studies  at  the  Biomechanics  Laboratory  of  the  Uni- 
versity of  California  has  now,  after  two  decades,  culminated  in 
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“The  Joints  of  the  Ankle.”  In  it  Dr.  Inman  describes  studies  whose 
primary  objective  has  been  to  “sort  out  the  facts  from  the  seem- 
ingly discrepant  observations  reported  in  the  anatomic  and  clinical 
literature.”  These  studies,  which  developed  around  an  exhaustive 
and  critical  review  of  the  literature,  became  over  the  last  20  years 
an  investigation  resulting  in  new  information  and  concepts  not 
previously  available  to  orthopedists  and  bio-engineers. 

“The  Joints  of  the  Ankle”  is  actually  a companion  monograph 
to  a future  publication,  “Human  Walking,”  which  will  reflect  more 
than  30  years  of  investigation  by  the  Biomechanics  Laboratory. 
Other  companion  monographs  are  also  to  be  expected. 

Funding  has  come  from  a variety  of  public  and  private  sources, 
including  continuing  financial  support  from  the  Veterans  Adminis- 
tration beginning  shortly  after  1945.  For  support  contributing  spe- 
cifically to  “The  Joints  of  the  Ankle,”  Dr.  Inman  credits,  in  addition 
to  the  Federal  Work  Study  Program,  The  Easter  Seal  Research  Foun- 
dation, The  Children’s  Bureau,  and  the  Office  of  Vocational  Reha- 
bilitation, plus  support  for  editorial,  stenographic,  and  art  work 
from  the  Social  and  Rehabilitation  Service. 

Dr.  Verne  T.  Inman,  a recipient  of  the  Ph.  D.  degree  in  anatomy 
as  well  as  the  M.D.  degree,  was  director  of  the  Biomechanics  La- 
boratory at  the  University  of  California,  San  Francisco,  from  1957 
to  1973.  He  is  now  Emeritus  Professor  of  Orthopaedic  Surgery  at 
the  same  location. 


VOCATIONAL  AND  EDUCATIONAL  OPPORTUNITIES 
DESCRIBED  IN  BOOKLET  FOR  THE  DISABLED 

A new  36-page  digest-size  booklet,  “Vocational  and  Educational 
Opportunities  for  the  Disabled,”  for  helping  a disabled  person  find 
out  about  and  take  advantage  of  existing  opportunities,  is  available 
from  the  INA  MEND  Institute.  The  Institute  is  a rehabilitation 
facility  of  the  Human  Resources  Center  in  Albertson,  Long  Island, 
N.Y.,  and  the  Insurance  Co.  of  North  America.  Anita  Tritcll,  Vo- 
cational Rehabilitation  Counseling  Coordinator  at  Human  Re- 
sources Center,  is  the  author. 

The  booklet  is  fourth  in  a projected  series  which  started  with  one 
entitled  “General  Information  for  the  Recendy  Disabled.”  The 
latest  in  the  series  briefly  but  clearly  covers  the  purpose  and  philos- 
ophy of  vocational  rehabilitation,  describes  the  types  of  facilities 
that  exist,  and  tells  how  a disabled  person  can  go  about  securing 
help  and  guidance.  There  is  a list  of  State  rehabilitation  agencies 
with  addresses,  and  the  text  is  sprinkled  with  complete  addresses 
of  alternate  sources  of  information  which  helps  to  drive  home  the 
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message  that  there  is  always  more  than  one  way  to  find  things  out 
or  achieve  a goal.  There  is  advice  on  using  the  phone  hook,  and  a 
list  of  the  information  a person  should  liave  on  hand  when  writing 
or  calling. 

The  INA  MEND  Institute  (acronym  is  for  .\ledic;il  and  Educa- 
tional Needs  for  the  Disabled)  initially  intended  the  booklets  in 
this  series  to  supplement  its  own  programs,  but  says  it  made  tbem 
available  to  the  general  public  because  of  their  usefulness  to  the 
disabled  and  their  families,  rehabilitation  professionals  and  ed- 
ucators. 

Copies  of  “V'ocational  and  Educatiomil  ()|)portuniiies  lot  the 
Disabled”  may  be  obtained  by  writing  ENA  .MEND  Itislituie, 
Human  Resources  Center,  Dept.  33,  I.  LI.  Willets  Road,  .Mbertson, 
Long  Island,  New  York  11.507.  Tbe  price  is  $1.25  each,  $75  for 
100,  or  $600  for  1000. 


BRAILLE  BOOK  ON  AMERICAN  ECONOMIC  SYSTEM 
PREPARED  BY  LIBRARY  OF  CONGRESS 

A braille  version  ol  the  booklet,  “The  .\meric.in  laonomii 
System  and  Your  Part  in  It,”  has  been  pre|iared  by  the  Library  oi 
Congress  t\)V  distribution  to  the  blind.  I'be  Library  is  also  reported 
to  be  preparing  a cassette  recortling  of  the  same  material. 

Sources  of  the  material  is  the  .Xdvertising  Council,  Inc.,  a non- 
profit organization  sponsored  by  the  advertisitig  industry.  1 he 
Council’s  purpose  is  to  harness  the  communication  skills  of  tbe 
advertising  field  to  improve  the  public’s  understanding  of  the  role 
of  the  free  enterprise  system  in  the  .Americtm  economy. 

rile  Library  of  Congress  donated  the  translation.  .Assisting  in 
the  project  is  Frank  Cylke,  chief  of  the  Division  for  the  blind  and 
Physically  Handicapped  at  the  Library  of  Congress. 

ASME  HONORS  EUGENE  F.  MURPHY 
WITH  ELECTION  TO  GRADE  OF  FELLOW 

The  American  Society  of  Mechanical  Engineers  has  honored 
Eugene  F.  .Murphy,  Ph.  D.,  with  election  to  the  grade  of  fellow. 
Dr.  .Murjihy  is  director  of  the  Research  Center  for  Prosthetics  of 
the  Veterans  Administration  where  he  has  the  responsibilities  )f 
planning,  coordinating,  and  evtiluating  a nationwiile  program  of 
research,  development,  evaluation,  and  education  in  a wide  variety 
of  prosthetics  and  sensory  aids  research.  Dr.  .Muqihy  is  a member 
of  this  publication’s  editoriid  board. 
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To  qualify  for  advancement  to  the  grade  of  fellow,  ASME  re- 
quires that  a nominee  be  an  engineer  with  “significant  engineering 
achievements”  and  “outstanding  contributions”  to  his  credit. 
ASME’s  citation  notes  that  Dr.  Murphy  is  “a  nationally  recognized 
authority  and  expert  in  the  field  of  prosthetics  and  sensory  aids 
for  the  handicapped.” 

NATIONAL  ACADEMY  OF  ENGINEERING  ELECTS 
HOWARD  D.  EBERHART  TO  MEMBERSHIP 

Among  the  92  new  members  selected  by  the  National  Academy 
of  Engineering  in  the  spring  of  1977  is  Howard  D.  Eberhart,  M.S., 
Professor  Emeritus  of  Civil  Engineering,  of  the  Biomechanics 
Laboratory,  University  of  California  at  Berkeley.  Prof.  Eberhart 
has  been  well-known  to  the  VA  since  1946  for  his  “pioneering 
studies  of  human  locomotion,  application  of  structural  engineer- 
ing to  prosthetic  devices,  and  leadership  of  interdisciplinary  engi- 
neering research,”  cited  by  the  National  Academy  of  Engineering. 

PARALYZED  HOSPITAL-DIRECTOR  IS  NAMED 
"HANDICAPPED  AMERICAN  OF  THE  YEAR" 

Joseph  J.  Panzarella,  Jr.,  M.D.,  was  named  Handicapped  American 
of  the  Year  by  the  President’s  Committee  on  Employment  of  the 
Handicapped.  He  had  already  received  two  presidential  citations  for 
his  work  in  rehabilitation,  as  well  as  the  Outstanding  Disabled  Vet- 
eran Award  from  New  York  State,  and  the  Physician  of  the  Year 
Award  presented  joindy  by  the  American  Medical  Association  and 
the  President’s  Committee. 

Dr.  Panzarella,  57  years  old,  has  multiple  sclerosis  and  can  move 
only  his  head.  Nevertheless,  working  with  the  aid  of  an  attendant, 
he  manages  to  fill  six  positions  which  involve  him  in  practicing 
medicine,  teaching,  directing  the  activities  of  institutions,  and  con- 
sulting. He  is  director  of  Brunswick  Hospital  Center,  Amityville, 
Long  Island,  N.Y.;  director  of  the  Department  of  Rehabilitative 
Medicine  at  Franklin  General  Hospital,  Valley  Stream,  Long  Island; 
and  professor  of  physical  therapy  and  other  subjects  at  New  York 
University  Postgraduate  Medical  School,  at  Nassau  Community 
College  and  at  Suffolk  Community  College.  He  also  lectures,  writes, 
and  travels  widely. 

His  most  recent  award  was  not  only  for  his  own  achievements 
but  also  for  encouragement  and  motivation  he  has  imparted  to 
others  directly  and  by  example.  “Budgeting  his  time  and  adapting 
his  duties  so  that  he  czm  perform  them”was  said  to  be  his  technique 
for  this  high  level  of  achievement. 


204 


Notes  and  News 


UNITED  NATIONS  TO  PROCLAIM  THE  YEAR  1981 
“INTERNATIONAL  YEAR  FOR  DISABLED  PERSONS" 

A resolution  favorably  voted  by  the  United  Nations  General  As- 
sembly, in  its  31st  session,  called  for  an  International  Year  for  Dis- 
abled Persons  to  be  proclaimed  in  1981.  “Full  participation  in  so- 
ciety by  disabled  persons”  will  be  the  basic  theme.  A draft  program 
reflecting  the  ideas  of  member  states  and  concerned  organizations 
was  expected  to  be  considered  by  the  General  Assembly  during 
1977. 

The  resolution  establishing  1981  as  the  Year  of  the  Disabled 
indicated  the  following  broad  range  of  objectives  for  the  program: 

Helping  disabled  persons  in  their  physical  and  psycho- 
logical adjustment  to  society. 

Promoting  all  national  and  international  efforts  to  pro- 
vide disabled  persons  with  proper  assistance,  training,  care, 
and  guidance,  to  make  available  opportunities  for  suitable 
work  and  to  ensure  their  full  integration  in  society. 

Encouraging  study  and  research  projects  designed  to 
facilitate  the  practical  participation  of  disabled  persons  in 
daily  life:  for  example,  by  improving  their  access  to  public 
buildings  and  transportation  systems. 

Educating  and  informing  the  public  of  the  right  of  dis- 
abled persons  to  participate  in  and  contribute  to  various 
aspects  of  economic,  social,  and  political  life. 

Promoting  effective  measures  for  the  prevention  of  dis- 
ability and  for  the  rehabilitation  of  disabled  persons. 


FOUR  MORE  OVERSEAS  PROSTHETIC-ORTHOTIC  WORKSHOPS 
PLANNED  BY  WORLD  REHABILITATION  FUND 

Four  new  workshops,  in  Egypt,  Indonesia,  Sri  Lanka  and  Brazil, 
are  planned  by  the  World  Rehabilitation  Fund.  They  will  bring  the 
number  of  such  WRF  workshops  to  127  operating  in  66  countries. 
In  its  first  year  each  workshop  is  expected  to  produce  more  than 
500  limbs  and  braces,  using  local  technicians  and  materials.  Pro- 
duction is  expected  to  increase  in  later  years. 

The  four  latest  workshop  locations  were  announced  at  a 20th 
anniversary  dinner  honoring  the  organization’s  founder  and  presi- 
dent, Dr.  Howard  A.  Rusk.  Dr.  Rusk  founded  the  World  Rehabili- 
tation Fund,  with  Mrs.  Albert  Lasker  and  General  William  Donovan, 
in  1955.  More  than  3000  physicians,  therapists,  and  other  rehabili- 
tation personnel  have  been  trained  by  WRF,  and  the  organization 
has  helped  provide  more  than  a million  prostheses  and  orthoses. 
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Initial  funding  for  each  center  is  said  to  be  $20,000,  covering  the 
cost  of  training  technicians,  permanent  equipment,  supplies,  and 
WRF  supervision  for  the  first  year.  Host  countries  provide  shop 
space  and  agree  to  provide  ongoing  expenses  in  subsequent  years. 
Two  local  people  from  the  area  of  each  workshop  are  trained  at 
one  of  WRF’s  seven  regional  training  centers,  and  then  are  expected 
to  indoctrinate  other  technicians.  WRF  supervision  is  provided  for 
each  stage  of  the  workshop’s  development. 

In  announcing  the  plans  for  the  four  new  prosthetic-orthotic 
workshops,  WRF  noted  that  the  $20,000  initial  funding  would  be 
underwritten  by  Continental  Oil  Co.  for  the  Egyptian  installation; 
by  Hoffman  LaRoche  for  Indonesia;  by  the  Reader’s  Digest  Foun- 
dation for  Sri  Lanka;  and  by  Becton,  Dickenson  & Co.  for  Brazil. 


REHABILITATION  INTERNATIONAL'S  14TH  WORLD  CONGRESS 
SET  FOR  JUNE  1980,  IN  WINNIPEG,  CANADA 

The  “Decade  of  Rehabilitation’’  proclaimed  in  1970  by  Re- 
habilitation International  will  culminate  in  R.I.’s  14th  World  Con- 
gress, in  June  1980.  The  Canadian  Rehabilitation  Council,  an  af- 
filiate, will  organize  the  Congress  with  the  cooperation  of  the 
Workmen’s  Compensation  Boards  of  Canada  and  the  governments 
of  Canada  and  the  province  of  Manitoba.  Goals  of  the  “Decade” 
include  focusing  world  attention  on  the  gap  between  services  for, 
and  needs  of,  physically  and  mentally  disabled  people. 

ORTHOMEDICS  FELLOWSHIP  AWARDED  AT  NYU 

Robert  F.  Pacini,  of  Belle  Vernon,  Pennsylvania,  is  the  1977  re- 
cipient of  the  $2500  Orthomedics  Fellowship  in  Prosthetics  and 
Orthotics.  The  fellowship  is  awarded  annually  to  a student  in  good 
standing  who  has  completed  his  junior  year  of  study  at  New  York 
University’s  School  of  Education,  Health,  Nursing,  and  Arts  Pro- 
fessions. 

Described  as  the  first  of  its  kind  in  tliese  fields,  the  fellowship 
established  by  Orthomedics  provides  a 10-week  clinical  affiliation 
in  prosthetics  and  orthotics  with  Orthomedics,  partially  fulfilling 
the  clinical  affiliation  requirement  for  the  B.S.  degree  in  Pros- 
thetics and  Orthotics  at  NYU. 

Mr.  Pacini  was  selected  by  a faculty  committee  chaired  by  Dr. 
Sidney  Fishman,  chairman  of  the  department.  Orthomedics,  of 
Downey,  California,  is  described  as  one  of  the  largest  providers  of 
prosthetics-orthotics  services  in  the  country,  with  13  facilities  in 
California  and  Nevada. 
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DATA  COLLECTED  FOR  EVALUATION 
OF  SNIPAS  GLUCOSE  ANALYZER 

A glucose  analyzer  was  developed  for  blind  diabetics  by  a scien- 
tific team  at  the  Smith  Kettlewell  Institute  of  Visual  Sciences,  San 
Francisco,  California.  This  scientific  team  was  the  basis  for  award- 
ing of  a Rehabilitation  Services  Administration  grant  to  establish  a 
Rehabilitation  Engineering  Center. 

Mr.  Richard  Leclair  in  the  Office  of  Rehabilitation  Engineering 
and  Mr.  George  Nagers  of  the  Office  for  the  Blind  and  Visually 
Handicapped,  Washington,  D.C.,  asked  15  rehabilitation  centers  for 
the  blind  to  test  15  prototype  models  of  the  SNIPAS  Glucose  Ana- 
lyzer. These  were  designed  to  provide  data  for  an  evaluation  of  the 
device.  A standardized  procedure  of  training  and  data  collection 
was  developed  for  the  test. 

The  device,  intended  to  permit  a diabetic  blind  person  to  inde- 
pendently determine  the  glucose  level  of  a urine  sample,  signals  its 
results  by  producing  from  one  to  five  “beeps.”  The  data  reflecting 
its  use  by  blind  diabetic  subjects  will  be  analyzed  to  determine 
whether  certain  factors  contribute  to  success  in  using  the  device, 
or  restrict  its  usefulness  for  certain  individuals.  The  data  are  also 
expected  to  guide  the  manufacturer  (Triformation  Systems,  Inc., 
Stuart,  Fla.)  in  modifying  the  prototype  design,  if  this  is  found  to 
be  necessary. 
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RECENT  PATENTS* 

Actuator  Device  for  Artificial  Leg:  John  L.  Burch,  assignor  to  the  United  States  of 
America  as  represented  by  NASA,  Washington,  D.C.:  A hip-disarticulation  type  pros- 
thesis is  powered  by  energy  drawn  from  the  natural  leg,  through  hydraulic  means.  It  is 
claimed  that  the  resulting  gait  will  be  superior.  (Patent  No.  3,995324,  Dec.  7,  1976; 
filed  Sept.  12, 1975,  Appl.  No.  612,965;  12  claims.) 

Articulated  Master  Slave  Manipulator:  Cari  R.  Flatau.  A manipulator  equipped  with  a 
number  of  balance  and  counter  balance  concepts.  All  of  a mechanical  nature.  (Patent 
No.  3,976,206,  Aug.  24. 1976;  fUed  July  16,  1975,  Appl.  No.  596.228;  9 claims.) 

Artificial  Foot  with  Ankle  Joint:  Werner  Haupt,  assignor  to  Otto  Bock  Orthopadische 
Industries  KG,  Duderstadt,  Germany.  The  conventional  single-axis  ankle/foot  has  been 
improved  with  plastic  parts  bonded  to  wood.  It  is  claimed  that  the  plastic  strengthens 
and  stabilizes  the  wood.  Component  resiliancy  permits  some  motion  in  all  planes,  thus 
reproducing  the  functions  of  a double  axis  or  SACH  unit.  (Patent  4,007,497,  Feb.  15, 
1977 : filed  Sept.  3,  1975,  Appl.  No.  609,995;  2 claims.) 

Body  Support  Means:  Reginald  Dyson,  assignor  to  G.D.  Searle  and  Co.,  Hi^  Wycombe, 
England.  A combined  gel  and  bead  cushion  is  claimed  to  provide  a favorable  pressure 
distribution.  (Patent  No.  3,968,530,  July  13,  1976;  filed  Feb.  19,  1974,  Appl.  No. 
443,606  7 claims.) 

Check  Writing  Guide:  John  £.  Keitzer  and  Betty  J.  Keitzer,  assignors  to  Betty  J.  Keitzer. 
A slotted  template  permits  a blind  person  to  write  a check.  The  template  apertures  match 
the  appropriate  spaces  on  a standard  blank  check.  (Patent  No.  4,003,143,  Jan.  18,  1977; 
filed  Dec.  15, 1975,  Appl.  No.  640,462;  2 claims.) 

Compression  Sheath  for  Below-Knee  Amputated  Limbs:  Jan  Prahl,  assignor  to  IPOS 
Gelleschaft  Fur  Integriertc  Prothesen-Entwicklung  und  • Orthopadietechnischen  Service 
mbH  & Co.,  KG,  Luneberg,  Germany.  This  sheath  develops  an  increasing  squeeze  force 
towards  the  end  of  the  stump  by  means  of  yam  and  knit  pattern  variations.  It  is  claimed 
that  superior  blood  circulation  results.  (Patent  No.  3,991,424,  Nov.  16,  1976;  filed  June 
9, 1975,  Appl.  No.  584,915;  7 claims.) 

Electrically  Driven  Hand  Orthosis  Device  fcM’  Providing  Finger  Prehension:  John  P.  Ryan, 
James  W.  Co%van,  Paul  K.  Sharp,  et  al.:  assignors  to  Indiana  University  Foundation, 
Bloomington,  111.  Quadraplegic  patients  in  powered  wheelchairs  are  able  to  operate  a 
device  providing  prehension  of  the  thumb  and  finger.  A touch  sensitive  switch  energizes 
a motor  that  drives  the  splint  through  a cable.  (Patent  No.  3,967,321,  July  26,  1976; 
filed  Feb.  5,  1975,  Appl.  No.  547,272;  20  claims.) 

Electric  Elbow:  Carl  P.  Mason,  assignor  to  Sidney  Samole  and  Myron  M.  Samole.  Har- 
monic drive  gear  concepts  are  used  to  produce  a li^t  and  efficient  motorized  elbow. 


^Patents  may  be  ordered  by  number  from  the  Commissioner  of  Patents,  Washington,  D.C. 
20231,  at  50^  each. 
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It  is  also  claimed  that  the  desii^  is  sturdy  and  quiet.  (Patent  No.  3,987,498,  Oct.  26, 
1976;  fUed  July  1.  1974.  Appl,  No.  484,948;  21  claims.) 

Invalid  Lifting  and  Walking  Device:  Dale  H.  Thomas.  A power-operated  lifting  and 
walking  device  which  is  operated  by  a handicapped  person.  After  lifting  himself  to  a 
standing  position  with  a power  hoist,  the  subject  can  propel  the  device  along  a floor 
using  his  own  muscle  power.  (Patent  No.  3,999,228,  Dec,  28,  1976;  filed  Oct.  10,  1975, 
Appl. No. 62l.423;5  claims.) 

Maasaging  Support  Apparatus:  Michael  Kosiak.  A means  of  combatting  dccubid  forma- 
tion in  seated  individuals  by  means  of  powered  rollers.  The  endless  chain  of  moving 
rollers  within  a special  seat  continuously  alters  the  pressure  on  the  buttocks.  It  is  claimed 
that  blood  circulation  is  thereby  improved.  (Patent  No.  4,011,862,  Mar.  15.  1977;  filed 
Nov.  17,  1975,  Appl.  No.  632,179;  25  claims.) 

Myoelectrically  Controlled  Prosthesis:  Charles  H.  Hoshall,  Woodrow  Scamone,  and 
Robert  L.  Konigsbert,  assignors  to  The  United  States  of  America  as  represented  by  the 
Secretary  of  the  Navy,  Washington,  D.C.  A myoelectric  control  system  that  will  provide 
terminal  opening  in  direct  proportion  to  control  signal  amplitude.  A single  site  closed- 
loop  servo  system  is  used.  (Patent  No.  3,735.425,  May  29.  1973;  filed  Feb.  10,  1971, 
Appl.  No.  1 14,262;  22  claims.) 

Orthocasting  System:  Dennis  N.  Brown.  A means  of  casting  impressions  of  the  bottoms 
of  feet.  The  cast  is  then  used  to  construct  a rigid  foot  support.  (Patent  No.  3,995,002, 
Nov.  30, 1976;  filed  Nov.  7,  1974,  Appl.  No.  521 ,889, 4 claims.) 

Orthopaedic  Appliances:  Pierre  Rabischong  and  Jean  Pierre  Louis  Bel,  MontpeUicr, 
France.  Assignors  to  Institut  National  de  la  Sante  et  dc  la  Recherche  Medicale,  Paris, 
France.  An  inflatable  prosthesis  to  enable  paralytics  to  stand,  differing  from  other 
versions  of  this  concept  in  its  smaller  use  of  compressed  gas  and  greater  use  of  mechanical 
locking  features.  (Patent  No.  5,995,056,  Nov.  25,  1976;  filed  Jan.  21,  1976,  Appl.  No. 
651,033;  17  cUims.) 

Orthopedic  Brace  (Orthoas):  Walter  Kuehnegger,  assignor  to  Otto  Bock  Orthopedic  In- 
dustry, Inc.,  Minneapolis,  Minn.  A brace  aimed  to  correct  difficulties  in  the  higher 
thoracic  region.  The  device  is  similar  to  a Milwaukee  brace  with  the  addition  of  more 
members  in  the  anterior-posterior  direction.  (Patent  No.  3,945,576,  Mar.  23,  1976; 
filed  Dec.  12,  1974;  Appl.  No.  532,067;  10  claims.) 

Paper  Money  Identifier:  Frank  J.  Marchak.  Photocells  arc  arranged  to  examine  currency. 
Audible  signals  indicate  the  denomination  of  paper  currency  to  blind  persons.  It  is  claimed 
that  the  position  of  the  bill  within  the  apparatus  is  unimportant  to  the  process.  (Patent 
No.  3,906,449,  Sept.  16.  1975;filed  Sept.  11, 1974,  Appl.  No.  504,931,  16claims.) 

Pressure  Distribution  Pad  Assembly  for  Wheelchaks:  Matthew  Hall,  assignor  to  Everest 
and  Jennings,  Inc.,  Los  Angeles,  Calif.  A sandwich  type  of  cushion  involving  three  pads  of 
which  the  center  is  the  most  dense.  Cutouts  in  the  center  pad  arc  placed  in  zones  of 
maximum  pressure.  Both  subility  and  pressure  characteristics  are  claimed  superior  with 
this  device.  (Patent  No.  3,987,507,  Oct.  26, 1976;  filed  Aug.  25. 1975.  Appl.  No. 607,360; 
3 claims.) 

Prosthetic  Device  for  Holding  Golf  Clubs:  William  K.  Frenzcl.  An  attachment  to  a pros- 
thetic arm  device  permits  the  handle  of  a club  to  be  gripped  in  a secure  and  controllable 
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. ' manner.  A wide  range  of  clubs  may  be  readily  grasped  without  alterations  to  the  club 

handle.  (Patent  No.  3,965,491,  June  29,  1976;  fUed  Jan.  7,  1976,  Appl.  No.  647,058; 
8 claims.) 

Prosthetic  Guitar  Pick:  Evan  P.  Gallagher.  A guitar  pick  is  strapped  to  the  lower  arm 
with  a belt  arrangement.  (Patent  No.  3,992,975,  Nov.  23,  1976;  filed  Oct.  8,  1975, 
Appl.  No.  620,848;  6 claims.) 

Polysensory  Mobility  Aid:  Larry  S.  Moricca  and  Ronald  H.  Stroer,  assignors  to  Zipcor 
Inc.,  Fort  Wayne,  Ind.  A device  resembling  a pair  of  glasses  yields  a combination  of 
auditory  and  tactile  stimulation  signals  signifying  the  location,  distance,  and  brightness 
of  a visible  object  with  respect  to  the  viewer.  Photosensitive  devices  serve  as  sensors. 
Stimulus  frequency  is  tied  to  brightness.  Distance  is  obtained  through  triangulation. 
(Patent  No.  3,993,407,  Nov.  23,  1976;  filed  Sept.  19,  1975,  Appl.  No.  615,060;  15 
claims.) 

Wheelchair-Mounted  Control  Apparatus:  Aldcn  C.  Simmons,  James  T.  McFadden,  and 
Robert  S.  Bennett,  assignors  to  Whituker  Corp.,  L.A.,  Calif.  A wheelchair  control  system 
using  a skin  pickup  to  control  drive  motor  speed,  reclineability,  and  external  devices 
such  as  a TV  tuner.  (Patent  No.  3,993,154,  Nov.  23,  1976;  filed  Nov.  5,  1975,  Appl.  No. 
629,033;  14  claims.) 
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Advances  in  Artificial  Hip  and  Knee  Joint  Technology  J.  P.  Paul;/n  Engineering  in  Medi- 
cine, Vol.  2,  M.  Schaldach  and  D.  Hohmann,  Eds.,  pages  53-70.  Springcr-Vcriag  Berlin 
Heidelberg,  1976. 

Clinical  Experience  and  Functional  Considerations  of  Axial  Rotators  for  the  Amputee, 

Walt  Racette  and  James  W.  Breakey;  Ortho.  Sc  Pros.,  31(2):29-33,  June  1977. 

Elderly  Patients  with  Lower  Extremity  Amputations:  Three-Year  Study  in  a Rehabilita- 
tive Setting,  Rodolfo  L.  Reyes,  Edward  B.  Leahcy,  and  Edward  B.  Leahey,  Jr.;  Arch. 
Phys.Mcd.  RchabU.,  58:116-123,  Mar.  1977. 

A Hi^archical  Approach  to  the  Control  of  i Prosthetic  Arm,  George  N.  Saridis  and 
Harry  E.  Stephanou;  IEEE  Trans.  Systems,  Man,  Sc  Cyb.,  SMC-7(6):407-420,  June  1977. 

An  Improved  Technique  f<K  Below-Knee  Amputation,  M.  S.  L.  Galvao;  J.  Cardiovascular 
Surg.,  16(6):603-608.  Nov.-Dee.  1975. 

Kinematic  Analysis  of  Coupled  Arm  Prostheses,  L.  E.  Cailson  and  D.  D.  Hock;  J. 
Biomcch.  Engng.,  Trans.  ASME,  99  Series  K(2):J  10-1 15,  May  1977- 

A Lightweight  Above-Knee  Prosthesis  with  an  Adjustable  Socket,  George  Irons,  Vert 
Mooney,  Sandra  Putnam,  and  Michael  Quigley;  Ortho.  & Pros.,  31(1):3-15,  Mar.  1977. 

The  Preformed  Socket  and  Modular  Assembly  for  Primary  Amputees,  A.  McDougall  and 
A.  Eramerson;  Brit.  J.  Bone  & Joint  Surg.,  59-B(l):77-79,  Feb.  1977. 

Pressure  Measurements  Beneath  BelowdCnee  Amputation  Stump  Bandages:  Elastic  Band- 
aging, the  Puddifoot  Dressing  and  a Pneumatic  Bandaging  Technique  Compared,  P.  A. 
isherwood,  J.  C.  Robertson,  and  A.  Rossi;  Br.  J.  Surg.,  62:982-986,  1975. 

Prosthetic  Management  of  a Below^lbow  Amputation  with  Brachial  Plexus  Injury,  Alan 
J.  Dralle;  Ortho.  & Pros.,  31(2):39A0,  June  1977. 

Studies  in  Load  Carrying  in  BK  Amputees  with  a PTB  Prosthesis  System,  S.  Ganguli  and 
S.  R.  OatU;  J.  Med.  Engng.  Sc  Tech..  1(3)  ISSN  0309-1902:151-154.  May  1977. 


ORTHOTICS 


Ambulation  of  the  Braced  Myelomeningocele  Patient,  Leo  J.  DcSouza  and  Norris  Carroll; 
J.  Bone  & Joint  Surg.,  58-A/8:n  12-1 118,  Dec.  1976. 
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The  Axial  Loading  on  a Static  Knee-Ankle-Foot  Orthosis,  E.  G.  Anderson;  J.  Med.  Engng. 
&Tech.,  1(2):  100-102,  Mar.  1977. 

The  Biomechanical  Design  of  a Walking  Appliance  tor  a Paraplegic  Adult,  J.  T.  Hcnshaw; 
J.  Med.  Engng.  & Tech.,  1(3)  ISSN  1309-1902:141-145,  May  1977. 

Cervical  Orthoses:  A Study  Comparing  Their  Effectiveness  in  Restricting  Cervical  Motion 
m Normal  Subjects,  RoUin  M.  Johnson,  Dermis  L.  Hart,  Edwin  F,  Simmons,  Gale  R. 
Ramsby,  and  Wayne  O.  Southwick:J.  Bone  & Joint  Surg.,  59-A(3):332-339,  Apr.  1977. 

Evaluation  of  the  Ortho-Walk  Type  B Pneumatic  Orthosis  on  Thirty-Seven  Paraplegic 
Patients,  Committee  on  Prosthetics  Research  and  Developmei-t;  Ortho.  & Pros.,  31(1);29- 
49,  Mar.  1977. 

Functional  Electrical  Stimulation  of  the  Extremities:  Part  2,  A.  Kralj  and  L.  Vodovnik; 
J.  Med.  Engng.  & Tech.,  1(2):  75-79,  Mar.  1977. 

Operative  Treatment  of  the  Plantar-Flexed  Inverted  Foot  in  Adidt  Hemiplegia,  H.  William 
Tracy;  J.  Bone  & Joint  Surg.,  58-A/8:l  142-1 145,  Dec.  1976. 

An  Orthosis  for  the  Flail  Elbow,  Michael  Lefton  and  Luke  Mizell;  Ortho,  fc  Pros.,  35-37, 
June  1977. 

Pneumatic  and  Standard  Double  Upright  Orthoses:  Comparison  of  Their  Biomechanical 
Functions  in  Three  Patients  with  Spinal  Cord  Injuries,  Justus  F.  Lehmann,  Jerry  B. 
Stonebridge,  and  Barbara  J.  de  Lateur;  Arch.  Phys.  Med.  Rehabil.,  58:72-80,  Feb.  1977. 

Seating  and  Positioning  for  the  Physically  Impaired,  Wallace  M.  Motloch ; Ortho.  & Pros. 
31(2):ll-21,June  1977. 

A Standing  Device  for  Paraplegics,  Jerry  Gaddy;  Arch.  Phys.  Med.  Rehabil.,  58:86  Feb 
1977. 

A Swiss  Stand-Up  Wheelchair,  W.  Seiler  and  G.  A.  Zach,  (/n  Proceedings  of  the  Annual 
Scientific  Meeting  of  the  International  Medical  Society  of  Paraplegia,  1975,  Part  IV); 
Paraplegia,  14(2):22-12S,  Aug.  1976. 

Treatment  of  Plantar  Fasciitis  and  Calcaneal  Spurs  with  the  UC-BL  Shoe  Insert,  John 
W.  Campbell  and  Verne  T.  Inman;  Ortho.  Sc  Pros.,  31(2):23-28,  June  1977. 

The  Treatment  of  Spinal  Deformities  with  the  Milwaukee  Brace;  A Preliminary  Report, 
Victor  M.  Parisien  and  Paul  M.  Beegel;  J.  Maine  Medical  Asso.,  67(3);64,  Mar.  1976. 


SENSORY  AIDS 

Abilities  Structure  of  Congenitally  Blind  Persons:  A Factor  Analysis,  Laurence  R.  Miller; 
J.  Vis.  Impair.  & Blindness,  71(4):145-154,  Apr.  1977. 

Cochlear  Implants,  Noise  Abatement  and  New  Equipment;  Hearing  and  Speech  Action 
pp  8*13,  May-Junc  1977. 
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Devices  for  Vi.<iially  Impaired  Diabetics,  Alex  H.  Townsend;  J.  Vis.  Impair.  & Blindness, 
71(2):78-8l.Feb,  1977. 

Hearing  Aid  Evaluation:  Clinical  Experience  writh  a New  Philosophy,  James  Jerger  and 
Deborah  Hayes:  Arch.  Otolaryngol.,  102:214-225,  Apr.  1976. 

The  Model  VUion  Project:  Training  and  Evaluation,  Randall  K.  Harley,  John  B.Merbler, 
Michael  P.  Corbett,  Stanley  £.  Bourgeault,  and  Rebecca  F.  Dubose;  J.  Vis.  Impair.  & 
Blindness,  71(4):I69-172,  Apr.  1977. 

Optacon  Skill  Acquisition  by  Blinded  VetO'ans,  Patricia  D.  Gadbaw,Mary  T.  Dolan,  and 
William  R.  Dc  rAune;J.  Visual  Impair.  & Blindness,  71(l):23-28,  Jan.  1977. 

Orientation  & Mobility  for  Persons  with  L,ow  Vision,  Dennis  Allen;  J.  Vis.  Impair.  & 
Blindness,  71(1 ):  13-1 5,  Jan.  1977. 

Pattern  Recognition  on  the  Forehead:  An  Electronic  Scan  System,  Larry  S.  Moricca  and 
Rex  V.  Slocum;J.  Vis.  Impair.  & Blindness,  7I(4):164-167,  Apr.  1977. 

Rehabilitation  and  die  Visually  Handicapped  Consumer,  Ruth  Perlman  Klebaner;  J.  Vis. 
Impair.  Sc  Blindness.  71(2):7I-74.  Feb.  1977. 

Speech  Compression:  Personality  Correlates  of  Successful  Use,  W.  De  I’Aune,  C.  Lewis, 
W.  Needham,  and  J.  Nelson;J.  Vis.  Impair.  Sc  Blindness,  7I(2):66-68,  Feb.  1977. 

Threshold  Improvement  and  Acoustic  Gain  with  Hearing  Aids,  Brian  E.  Walden  and  Roger 
N.  Kastcn;  Audiol.,  15:413-420,  1976. 


GENERAL 

Advances  in  Percutaneous  Electrode  Systems,  Vert  Mooney  and  Andrew  M.  Roth; 
Biomat..  Med.  Dev.,  Art.  Org.,  4(2):1 71-180,  1976. 

Approaches  to  Design:  Force  Actions  Transmitted  by  Joints  in  the  Human  Body,  J.  P. 
PauI:Proc.  R.  Soc.  Lond.,  B.  192:163-172,  1976. 

Amputations  of  the  Foot  and  Ankle— Current  Status,  F.  William  Wagner,  Jr.;  Clin.  Ortho- 
paedics & Rcl.  Res.,  122:62-69.  Jan.-Feb.  1977. 

Classification  of  the  Hand-Grip:  A Preliminary  Study,  C.  Jacobson  and  L.  Sperling;  J. 
Occupational  Med.,  18(6):395-398,  June  1976. 

Clinical  Experience  with  Low  Intensity  Direct  Current  Stimulation  of  Bone  Growth, 
Robert  O.  Becker,  Joseph  A.  Spadaro,  and  Andrew  A.  Marino;  Clin.  Orthopaedics, 
124:75-85.  May  1977. 

The  Complete  Optimoation  of  a Human  Motion,  Herbert  Hatze;  Math.  Biosciences, 
28:99-135,  1976. 

A Computational  Technique  to  Determine  the  Angular  Momentum  of  a Human  Body, 
James  G.  Hay,  Barry  D.  Wilson,  Jesus  Dapena,  and  George  G.  Woodworth;  J.  Biomech., 
10:269-277.  1977. 
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Computers  and  the  Kinesiology  of  Gait,  T.  Kasvand,  M.  Milner,  A.  O.  Quanbury,  and 
D.  A.  Winter;  Comput.  Biol.  Med.,  6:111-1 20,  1976. 

Detection  of  Gait  Abnormally  from  Tachographic  Data,  P.  Mukherjee  and  S.  Ganguli; 
J.  Med.  Engng.  &:  Tech.,  l(2):75-79,  Mar.  1977. 

Device  for  Synchronization  of  Cinematographic  and  Bioelectric  Data,  John  A.  Gruner; 
Am.  J.  Phys.  Med.,  56(2):51-59,  1977. 

Effects  of  Compression  and  Cyclical  Loading  on  Fracture  Healing— A Quantitative  Bio- 
mechanical Study,  Augustus  A.  White,  Manohar  M.  Panjabi,  and  Wayne  O.  Southwick; 
J.  Biomech.,  10:233-239,  1977. 

Elffort  of  Dynamic  Exercise:  Influence  of  Load,  Duration,  and  Task,  Enzo  Cafarelli, 
William  S.  Cain,  and  Joseph  C.  Stevens;  Ergonomics,  20(2):147-158,  1977. 

Electrically  Stimulated  Bone  Growth  in  Animals  and  Man,  J.  A.  Spadaro;  Clin.  Ortho- 
paedics & Rel.  Res.,  122:326-332,  Jan.-Feb.  1977. 

The  Electronics  Revolution:  (a  special  issue  examining  the  present  and  assessing  the  po- 
tential for  the  future  of  electronics  (“a  continuing  revolution”)  and  its  impact  on  various 
aspects  of  science,  technology,  economics  and  culture);  Science  195(4283):  1085-1240, 
March  18,  1977. 

Electrotactile  Two-Point  Discrimination  as  a 'Function  of  Frequency,  Body  Site,  Lateral- 
ity, and  Stimulation  Codes,  Moshe  Solomonow,  John  Lyman,  and  Amos  Freedy;  Ann. 
Biomed.  Engng.,  5:47-60,  1977. 

Forces  Trananitted  at  the  Hip  and  Knee  Joint  of  Normal  and  Disabled  Persons  During  a 
Range  of  Activities,  J.  P.  Paul  and  D.  A.  McGrouther;  Acta.  Orthop.  Belg.  1975,  Suppi. 
1,78-88. 

Fracture  Healing  in  Rat  Femora  as  Affected  by  Functional  Weight-Bearing,  Augosto 
Sarmiento,  John  F.  Schaeffer,  Linda  Beckerman,  Loren  L.  Latta,  and  Jerry  E.  EnisJ. 
Bone  & Joint  Surg.,  59-A(3):369-375,  Apr.  1977. 

An  Index  of  Healing  in  Below-Knee  Amputation:  Leg  Blood  Pressure  by  Doppler  Ultra- 
sound, Robert  W.  Barnes,  Gregor  D.  Shanik,  and  Earlene  E.  Slaymaker;  Surgery, 
79(l):13-18.Jan.  1976. 

‘ Eight  Patterns  as  a Means  of  Assessing  and  Recording  Gait.  I:  Methods  and  Results  in 

Normal  Children,  Robert  G.  Aptekar,  Fran  Ford,  and  Eugene  E.  Bleck;  Develop.  Med. 
& ChUd  Neurol.,  18(l):31-36.  Feb.  1976. 

On  the  Mechanics  of  the  Human  Knee,  R.  E.  D.  Bishop;  Engng.  in  Med.,  6(2):46-52, 
Apr.  1977. 

A Method  of  Gait  Analysis  for  Daily  Orthopaedic  Practice,  J.  U.  Baumann  and  A. 

^ Hanggi;  J.  Med.  Engng.  &:  Tech.,  1(2):86-91,  Mar.  1977. 

Neurocirculatory  Disorders  of  the  Foot,  Vert  Mooney  and  William  Wagner,  Jr.;  Clin. 

' Orth.  & Rel.  Res.,  1 22:53-61 , Jan.-Feb.  1977. 
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Publications  of  Interest 


A Note  on  the  Ratio  Between  Tensions  in  the  Quadriceps  Tendon  and  Infra^Patellar 

Ligament,  R.  E.  D,  Bishop  and  R.  A.  Denham;  Engng.  in  Med.,  6(2):53-54,  Apr.  1977. 

Percutaneous  Implant  Devices,  Vert  Mooney,  S.  Andrew  Schwartz,  Andrew  M.  Roth,  and 
Michael  J.  Gorniowsky ; Ann.  Biomed.  Engng.,  5:34-46,  1977. 

The  PossU>ility  of  Structural  and  Functional  Restitution  after  Spinal  Cord  Injury:  A 
Review,  Elizabeth  Puchala  and  William  F.  Windle;  Experimental  Neurol.,  55:1-42,  1977 

Postural  Changes  and  Aerodynamic  Forces  in  Alpine  Skiiing,  Kazuhiko  Watanabe  and 
Tatsuyuki  Ohtsuki;  Ergonomics,  20(2):  1 21  *1 31 , 1977. 

Sequential  Muscular  Contraction,  K.  M.  Jackson,  J.  Joseph,  and  S.  J.  Wyard; J.  Biomech., 
10:97-106,  1977. 

A Simple  Force  Platform,  Flemming  Bondc-Petersen;  Europ.  J.  Appl.  Physiol.,  31:51-54, 
1975. 

Supplement  to  Bibliography  on  Muscle  Receptors:  Their  Morphology,  Pathology,  Physi- 
ology,  and  Pharmacolc^y,  Earl  Eldred,  Herbert  Vellin,  Mark  DeSantis,  and  Cedne  M. 
Smith;  Experimental  Neurology,  55(3)  Part  2,  June  1977. 

Voice  Controlled  Wheelchair,  James  A.  Clark  and  Robert  B.  Roemer;  Arch.  Phys.  Med. 
Rehabil.,  58:169-175,  Apr.  1977. 

Walking  Speed  as  a Basis  for  Normal  and  Abnormal  Gait  Measurements,  T.  P.  Andriacchi, 
J.  A.  Ogle,  J.  O.  Galante;  J.  Biomech.,  10:261-26B,  1977. 

Welding  Thermoplastics,  Neal  R.  Donaldson  and  Michael  J.  Qui^ey;  Ortho.  8c  Pros., 
31(l):51-53,Mar.  1977.; 


CALENDAR  OF  EVENTS 


Helen  Keller  World  Conference  on  Services  to  Deaf-Blind  Adults,  New  York,  N.Y.,  Sept. 
11-15,  1977. 

First  International  Conference  on  the  Evaluation  of  Biomaterials,  Universite  Louis  Pasteur, 
Strasburg,  France,  Sept.  26-28,  1977.  (Under  auspices  European  Society  for  Biomaterials. 
For  information:  Dr.  J.  L.  Leray,  U18-lnserm,  6 Rue  Guy  Patin,  F 75010  Paris,  France.) 

Western  Orthopaedic  Association,  Annual  Meeting,  Colorado  Springs,  Colo.,  Oct.  1*5, 
1977. 

Optical  Society  of  America,  Annual  Meeting,  Royal  York  Hotel,  Toronto,  Canada,  Oct. 
9-15,  1977,  (For  information:  J.  W.  Quinn,  OSA,  2000  L Street,  N.W.,  Washington,  D.C. 
20036.) 

American  Occupational  Therapy  Association,  Annual  Conference,  San  Juan,  Puerto  Rico, 
Oct.  17-21,  1977. 

Fourth  Conference  and  Exhibition  on  BioEngineering,  Budapest,  Hungary,  Oct.  24-28, 
1977.  (For  information:  Scientific  Society  of  Measurement  and  Automation,  1372 
Budapest  V,  Kossuth  Lajoster  6-8,  Hungary.) 

American  Orthotic  and  Prosthetic  Association  (AOPA)  National  Assembly,  Sheraton- 
Palace,  San  Francisco,  Calif,,  Oct.  25-29,  1977. 

American  Academy  of  Physical  Medicine  and  Rehabilitation,  and  American  Congress 
of  Rehabilitation  Medicine  Convention,  Miami,  Fla.,  Oct.  30-Nov.  4,  1977. 

American  Speech  and  Hearing  Association,  Chicago,  111.,  Nov.  2-5,  1977. 

30th  Annual  Conference  on  Engineering  in  Medicine  and  Biology,  IEEE  EMB  Group, 
Los  Angeles  Hilton,  Los  Angeles,  Calif.,  Nov.  5-9,  1977.  (For  information:  Patricia  I. 
Homer,  Suite  404,  4405  East-West  Highway,  Bethesda,  MD.  20014,  301-657-4142.) 

Annual  Meeting,  Engineering  in  Medicine  and  Biology,  ASME/AEMB,  Los  Angeles  Hilton, 
Los  Angeles,  Calif.,  Nov.  6-10,  1977.  (For  information:  American  Society  of  Mechanical 
Engineering,  345  E,  47th  St.,  New  York,  N.Y.  10017.) 

Winter  Annual  Meeting,  ASME,  Hyatt  Regency  and  Atlanta  Hilton  Hotels,  Atlanta,  Ga., 
Nov.  27-Dec.  2,  1977.  (For  information  on  Bioengineering  Program:  Dr.  Ed  Grood,  Dept, 
of  Orthopedic  Surgery,  University  of  Cincinnati  Medical  Center,  231  Bethesda  Ave., 
Cincinnati,  Ohio  45267.) 

Acoustical  Society  of  America,  Meeting,  Miami  Beach,  Fla.,  Dec.  13-16. 

The  Second  International  Conference  on  Legislation  Concerning  the  Disabled,  Manila,  the 
Philippines,  Jan.  1978.  (Sponsor  is  Rehabilitation  International;  host  is  the  Philippine 
Foundation  for  the  Disabled,  Inc.,  with  support  of  the  Philippine  Government.) 
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American  Attsticiation  for  the  Advancement  of  Science,  144th  National  Meeting.  Wasihing- 
ton,  l).C.,  fcb.  12-17,  (For  mformation:  AAAS,  1776  Massachusetts  Ave.,  N.W.,  WashinK- 
ton,  D.C.  20036.) 

Orthopaedic  Research  Society,  Uailas.  Tex.,  Feb.  21-23,  1978. 

American  Orthopaedic  Foot  Society,  Annual  Meeting,  Oallos.  Texas.  Feb.  23,  1978.  (For 
information:  Nicholas  J.  Gionnestros,  M.D.,  2415  Auburn  Ave.,  Cincinnati,  Ohio  45219.) 

American  Academy  of  Orthopaedic  Surgeons,  Dallas,  Tex.  Feb.  23-28,  1978. 

World  Federation  of  Occupational  Therapiata,  7th  International  Congress,  Tel  Aviv,  Israel, 
Mot.  12-18,  1978.  (For  information:  7th  International  Congress  of  the  World  Federation 
of  Occupational  Therapy.  P.O.  Box  1627 1 , Tel  Aviv,  Israel.) 

The  Society  for  Biomaterials,  San  Antonio,  Tex.,  April  26-May  3,  1978. 

2nd  Interrutioiial  Symposium  for  Facial  Proatheses,  Oak  Hill  Motor  Inn,  San  Antonio, 
Tex.,  May  4-6,  1978.  (Participants:  Audie  Murphy  VA  Hospital;  South  Texas  Medical 
Center,  Bexar  County,  Texas.) 

World  Confederation  for  Physical  Therapy,  8th  International  Congress,  Tel  Aviv,  Israel, 
May  28'June  2,  1978.  (For  information:  Organizing  Committee,  8lh  International  Con- 
gress WCPT,  P.O.  Box  16271.  Tel  Aviv,  Israel.) 

Acoustical  Society  of  America,  Kingston.  RJ.,  June  15-16,  1978. 

International  Rehabilitation  Medicine  Aaaociation,  3rd  World  Congress,  Basel,  Switzerland, 
July  2-7,  1978.  (For  information;  Dr.  W.  M.  Zinn,  Thermes,  CH-7S10  Bad  Ragaz, 
Switzerland.) 

6th  International  Symposium  on  External  Control  of  Human  Extremities,  Dubrovnik, 
Jugoslavia,  Aug,  28‘Sept.  I,  1978.  (For  information:  Yugoslav  Committee  for  ETAN, 
P.O.  Box  356,  11001  Beograd,  Jugoslavia.) 

American  Academy  of  Physical  Medicine  and  Rehabilitation  and  American  Congress  of 
Rehabilitation  Medicine  Convention,  New  Orleans,  La.,  Oct.  29-Nov.  3,  1978. 

Optical  Society  of  America,  Annual  Meeting,  Jack  Tar  Hotel.  San  Francisco,  Calif.,  Oct. 
30-Nov.  3,  1978.  (For  information:  W.  J.  Quinn,  OSA,  2000  L Street,  N.W.,  Washington, 
D.C.  20036.) 

American  Orthotic  and  Prosthetic  Association  (AOPA),  National  Assembly,  Town  & 
Country  Hotel,  San  Diego,  Calif.,  Oct.  31 -Nov.  4,  1978. 

Conference  on  Engineering  in  Medicine  and  Biology,  Atlanta,  Ga.,  Nov.  6-9,  1978.  (For 
information:  American  Society  of  Mechanical  Engineering,  345  E.  47th  St.,  New  York, 
N.Y.  10017.) 

American  Speech  and  Hearing  Association,  San  Francisco,  Calif.,  Nov.  18-21 , 1978. 

ASME  Winter  Meeting,  San  Francisco,  Calif.,  Nov.  26-30, 1978. 
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Rehabilitation  International  Medical  CommiiMtton,  4th  International  Seminar,  Southamp* 
ton.  United  Kingdom,  1978.  (For  information:  Prof.  Dr.  Karlheinz  Renker,  Gesellschaft 
fur  Rehabilitation  in  der  DDR,  Harz  42-44  Halle  (Saale),  German  Democratic  Republic.) 

International  Association  for  Prevention  of  Blindness  Conference,  Kyoto,  Japan,  1978. 
(For  information;  Dr.  W.  J.  Holmes,  1013  Bishop  St.,  Honolulu,  Hawaii  96813.) 

6th  Pan  Pacific  Rehabilitation  Conference,  Seoul,  Republic  of  Korea,  May/June  1979. 
(For  information:  Pyung  K.  Moon,  M.D.,  vice-president,  Korean  Society  for  Rehabilita- 
tion of  the  Disabled,  1 5-San,  Sinchon-dong,  Sudaemoon-ku,  Seoul,  Korea.) 

World  Federation  of  the  Deaf,  8th  Congress,  Sofia,  Bulgaria,  Aug.  1979.  (For  information: 
Secretariat  General,  Union  of  the  Deaf  of  Bulgaria,  3 Bd  U1  Zaimov,  Sofia,  Bulgaria.) 

Optical  Society  of  America,  Annual  Meeting,  Holiday  Inn  and  Americana  Flagship  Hotel, 
Rochester,  N.Y.,  Oct.  7-12,  1979. 

American  Orthotic  and  Prosthetic  Association  (AOPA),  National  Assembly,  Hilton  Palacio 

Del  Rio,  San  Antonio,  Tex.,  Oct.  23-27, 1979. 

American  Academy  of  Physical  Medicine  and  Rehabilitation  and  American  Congress  of 
Rehabilitation  Medicine  Convention,  Honolulu,  Hawaii,  Nov.  li-16,  1979. 

ASME  Winter  Meeting,  New  York,  N.Y„  Nov.  25-30, 1979. 

Rehabilitation  International,  14th  World  Congress,  Winnipeg,  Canada,  June  22-27,  1980. 
(For  information:  Canadian  Rehabilitation  Council  for  the  Disabled,  Suite  2110,  One, 
Yonge  St.,  Toronto,  Ontario  M5E  1E8,  Canada.) 

(Tentative)  American  Orthotic  and  Prosthetic  Association  (AOPA),  National  Assembly. 
Toronto,  Ontario,  Canada,  1 980. 

International  Society  for  Prosthetics  and  Orthotics  (ISPO),  the  Netherlands,  1 980. 
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Editor'!  Note— Index 


EDITOR'S  NOTE 


The  “Index  to  the  Bulletin  of  Prosthetics  Research,  BPR  10-25 
and  BPR  10-26”  will  not  appear  in  this  issue.  In  order  to  better 
serve  the  needs  of  our  readers,  we  are  revising  the  format,  content, 
and  style  of  the  Index.  The  two  issues  mentioned  above  will  be 
indexed  in  the  Index  which  will  appear  in  the  BPR  10-28,  fall 
1977  issue. 


Earl  A.  Lewis,  Editor 
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NOTICE  TO  CONTRIBUTORS 


VVc  welcome  contributions  to  the  Bulletin.  To  facilitate  publishing 
please: 

1 . Type  in  double  space  the  text,  figure  captions,  footnotes,  refer- 
ences, and  tables  on  one  side  of  letter-size,  plain  bond  paper. 

2.  Leave  margins  of  1 '/z  inches  on  the  left  and  1 14  inches  on  the  right. 

3.  C.'apitalize  title  of  paper  and  center.  Below  title,  center  author’s 
name(s)  with  highest  degree  or  certification.  Then  center  position  title, 
organization,  and  l(x:ation  (full  address  and  zip  code). 

4.  Number  fjages  consecutively  in  the  lower  right-hand  corner  of  the 
page  in  pencil.  Each  page  must  start  with  a new  paragraph.  Type 
preceding  page  short  if  necessary.  Indent  paragraphs. 

5.  C.ite  all  references  by  number  in  the  text  and  list  numerically  at 
end  of  paper. 

6.  Submit  halftone  photographs  with  good  contrast  on  8"  x 10" 
glossy  paper.  I.ine  drawings  should  be  in  India  ink.  Do  not  dent  glossy 
photographs  or  art  work  with  paper  clips.  All  figures  must  he  suitably 
protected  for  flat  mailing. 

7.  Provide  a caption  for  each  figure  and  cite  by  number  within  the 
text.  Tvpe  caption  on  separate  sheet.  Pencil  in  lightly  on  back  of  each 
glossy  photograph  the  figure  number,  author’s  name,  and  article  title. 
Use  Arabic  numbers  for  tables  and  figures. 

8.  Number  tables  and  include  a short  title.  Each  table  should  be 
typed  on  a separate  sheet  of  paper  and  must  be  cited  within  the  text. 

9.  Obtain  and  send  us  letters  of  permission  to  reprint  copyrighted 
written  and  illustrative  material.  When  furnishing  us  with  illustrative 
material,  written  permission  from  subjects  in  photographs  should  be 
included.  Failure  to  do  so  will  result  in 'blanking  out  a subject’s  face. 

10.  Send  us  original  and  one  copy  of  manuscript.  Retain  a third 
copy.  .Address  manuscript  and  correspondenct  to: 

Editor,  Bulletin  of  Prosthetics  Research 
Research  Onter  for  Prosthetics 
Veterans  Administration 
252  Seventh  Avenue,  New  York,  N.Y.  10001 

Acknowledgment  of  all  manuscripts  will  be  made  as  promptly  as  possi- 
ble. 


Note:  Insert  metric  equivalents  in  parentheses  after  all  measurements. 


